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The mathematics knowledge students develop in prekindergarten is key to their ability to 
make sense of more complex mathematics in the future (C. T. Cross, Woods, & Schweingruber, 
2009; Ginsburg, Lee, & Boyd, 2008). Research continues to present evidence that there is a 
mathematics achievement gap between minoritized students living in lower socioeconomic 
communities compared to their peers before entering kindergarten (Arnold, Fisher, Doctroff, & 
Dobbs, 2002; Duncan et al., 2007; Sonnenschein & Galindo, 2015; Wang, 2010). The joint 
position statement issued by the National Association for the Education of Young Children and 
the National Council of Teachers of Mathematics (2010) states that all prekindergarten teachers 
working in public and private settings should utilize age and developmentally appropriate 
instruction to promote mathematics readiness. Yet there is limited research that provides data 
that captures non-licensed pre-K teachers’ beliefs towards preschool mathematics or the 
mathematics instruction these teachers deliver as it relates to age and developmentally 
appropriate instruction. 
In order to explore this topic, an exploratory qualitative study was conducted with two 
non-licensed prekindergarten teachers, framed by McCray’s (2008) mathematical pedagogical 
content knowledge framework. Data were collected using one structured and two semi-structured 
 
interviews, observations, questionnaire, and surveys. The qualitative analysis of these data 
yielded four themes that shed light on mathematics instruction provided by the two non-licensed 
pre-K teachers, and they were used to organize the results. Mathematics instruction is related to 
Theme 1: teacher beliefs and Theme 2: access to available resources. Mathematics in pre-
kindergarten Theme 3: is primarily number sense; and Theme 4: mathematics instruction occurs 
in free-play during center time. 
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In recent years, increased focus has been placed on the delivery and quality of 
mathematics education in prekindergarten (pre-K) settings (Baroody, Eiland, & Thompson; 
2009; Hachey, 2013; Kena et al., 2016). In 2018, approximately 64.7% of children aged three to 
five in the United States attended a pre-K at least 2 days per week (McFarland et al., 2018). 
Research shows the quality of these childcare learning centers varies tremendously in center 
type, funding sources, and teacher qualification (Whitebook, McLean, Austin, & Edwards, 
2018). Pre-K can be publicly or privately funded. In public programs, such as Head Start, state 
and federal policies require teachers to have a state license or enrolled in a certifying program 
(Early Childhood Learning & Knowing Center, 2018). In private preschool settings, teacher 
certification is not always a requirement (Arnold, Fisher, Doctroff, & Dobbs, 2002). The focus of 
this dissertation is non-licensed pre-K teachers in the private sector. 
Current research suggests that the quality of childcare learning centers differ greatly 
based on family demographics such as race and ethnicity. Additional factors that impact the 
rating of an early childcare learning center are safety measures, teacher licensing, time spent on 
learning activities, and externally conducted observations of process quality (Claessens & Garret, 
2014; De Marco & Veron-Feagans, 2015). Research tells us that long-term student academic 
gains are often related to exposure to licensed pre-K teachers who have completed at least a 
bachelor’s degree (Barnett, 2003; Barnett et al., 2013). Private centers in low-socioeconomic 
(SES) communities tend to be staffed with non-licensed early childhood teachers. A family who 




childcare learning centers within the community they live (Ferrandino, 2005; Malik, 2019; 
Young & Young, 2016).  
When families from low and moderate SES communities do not qualify for universal pre-
K programs, their overall ability to afford and secure enrollment in a high-quality private 
childcare learning center can be a challenge (Glynn, 2012). Glynn (2012) found that 52.7% of 
families with an average household income under $53,999 spend approximately 49.5% of their 
income on childcare, whereas families earning over $54,000 spend about 8.6% of their income 
on childcare (Glynn, 2012). Frequently, families that pay more for childcare do so because of the 
extended hours of supervision they need opposed to the quality of the selected center (Claessens 
& Garrett, 2014; Glynn, 2012). The children who attend these centers can benefit the most when 
enrolled in higher-quality centers. 
Certified pre-K teachers can offer curriculum that will increase aspects of learning like 
mathematics readiness. However, the economic models employed by these centers result in less 
ability to hire certified teachers. The important question to answer then is, can childcare centers 
in low SES communities who employ non-licensed teachers provide access to quality curriculum 
in areas like mathematics readiness? Thus, the purpose of this dissertation has two foci including 
an exploration of how non-licensed pre-K teachers provide mathematics education, and how 
non-licensed pre-K teachers’ mathematics pedagogical content knowledge relates to the teachers’ 
mathematics instruction at childcare learning centers that primarily serve low-SES communities. 
All pre-K teachers, licensed and non-licensed, must understand what mathematics content 
is, and how it should be taught (U.S. Department of Education, 2008). A vital role for pre- K 
teachers is to support the development of kindergarten mathematics readiness (Ginsburg, Lee, & 




Education, 2008). Current research indicates that young students are highly capable of learning 
and constructing complex mathematics understanding in early childhood settings when exposed 
to meaningful educational experiences (Clements & Sarama, 2011; Greenes, Ginsburg, & 
Balfanz, 2004; National Council of Teachers of Mathematics [NCTM], 2000). NCTM, the 
federally commissioned panel known as the National Mathematics Advisory Panel, and members 
of the Child Care and Early Education Research Connection community agree that building 
mathematics in the early years is a strategy that can promote overall academic success. This 
research explores the mathematics instruction practices of two non-licensed pre-K teachers and 
the resources they leveraged to teach mathematics to children from families living in low-to-
moderate SES communities.   
It is known that young students’ performance in mathematics depends on their teachers’ 
mathematics proficiency (Clements, Sarama, & DiBiase, 2004). Yet, there are very few studies 
that have examined non-licensed, pre-k teachers’ knowledge, abilities, or beliefs as they relate to 
planning and implementing meaningful mathematics learning experiences. There is a large body 
of research in which early childhood teachers are frequently portrayed as disliking mathematics, 
lacking the confidence to teach mathematics appropriately, anxious about teaching the subject, 
and commonly avoid teaching it (Clements & Sarama, 2007; Ginsburg et al., 2008; J. S. Lee & 
Ginsburg, 2007a). Chen and McCray (2012) collected data on licensed pre-K teachers and found 
that these teachers agree that learning mathematics is developmentally appropriate for young 
students and that early mathematics instruction is necessary. The limit of this study and many 
others is that the research focused only on licensed pre- K teachers, but a significant portion of 
our children from low-socioeconomic communities are taught by non-licensed pre-K teachers 




licensed teachers’ mathematics instruction (Brown, 2005; J. S. Lee & Ginsburg, 2009). This 
dissertation focuses on non-licensed teachers and the findings will add to the research on how 
this critical group of teachers support pre-K education for children from families who live in low 
to moderate SES communities. 
Students in low-SES environments typically receive less mathematics instruction as they 
are taught by non-licensed pre-K teachers working in private childcare centers. When 
mathematics instruction is provided in low-SES settings, it typically focuses on number sense 
such as rote counting, writing numbers, completing worksheets, and learning shapes when in 
whole group settings (Hachey, 2013; J. Lee, 2005, 2010). Despite such research findings, a large 
majority of students taught by licensed pre-K and lower elementary teachers seldom experience 
focused and intentional mathematics. This is often due to teachers’ limited mathematical 
pedagogical content knowledge (MPCK) developed as they worked through their teacher 
preparation programs (Ball, 1988; Charlesworth, 2005; Ginsburg et al., 2008; Kilpatrick, 
Swafford, & Swindell, 2001; Linder, Powers-Costello, & Stegelin, 2011; McClure et al., 2017; 
Ma, 1999; Taylor-Cox, 2016). MPCK relates to one’s collective understanding and ability to 
teach mathematics using knowledge of students’ development, appropriate content knowledge, 
selection and use of developmentally appropriate instructional decisions, and disposition (Ball, 
1988; McCray & Chen, 2012; Shulman, 1986). Non-licensed pre-K teachers may not have 
participated in or completed a formal teacher preparation program, but they still may have naïve 
conceptions of MPCK. This exploratory study endeavors to understand the perceptions of these 
teachers.   
 A large body of research regarding early childhood mathematics teachers and their 




in kindergarten, first, second, and third grades (Bukova-Güzel, Cantürk-Günhan, Kula, Özgür, & 
Elçí, 2013; Groth, 2008; J. Lee, 2010; Leong, 2013; Linder, 2012; Vale, 2010).  Studies that 
focus on upper early childhood teachers typically examine licensed pre-K teachers’ mathematics 
beliefs before and after they participate in a professional development program or examine 
student achievement after an intervention is presented (Clements & Sarama, 2011; Clements, 
Sarama, Wolfe, & Spitler, 2013). These types of research have a great impact on the way in 
which mathematics is taught. However, only a few studies have focused on non-licensed pre-K 
teachers as participants (Ginsburg & Amit, 2008; Kaartinen & Kumpulainen, 2012; McCray & 
Chen, 2012; Tirosh, Tsamir, Levenson, & Tabach, 2011); only a few studies outside this 
dissertation study have focused on non-licensed pre-K teachers and the mathematics instruction 
they provide.  
More research is needed so that all students have a chance at developing enough 
mathematics readiness upon entering kindergarten (Chatterji, 2015; National Assessment of 
Education Progress, 2019). Some exposure to learning in a pre-K setting is better than no 
exposure (Baroody et al., 2009; Peisner-Feinberg, Mokrova, & Anderson, 2017). With the 
demand for working families to secure childcare, families residing in low-SES communities will 
ensure non-licensed pre-K teachers have a job until universal preschool pre-K is available to all 
children and taught by licensed pre-K teachers. Until then, the mathematics instruction provided 
by non-licensed pre-K teachers and their MPCK should be studied to better support the teachers’ 
ability to create and implement effective mathematics experiences. This is the gap in research 




Statement of the Problem 
Publicly funded pre-K programs are available in North Carolina. Only about 28,757 
(23%) pre-K aged students were able to attend those programs due to funding in the 2015 – 2016 
school year (Peisner-Feinberg et al., 2017). In recent years, private pre-K childcare centers have 
come to play an even larger role in preparing young students to enter kindergarten. Many private 
pre-K programs help accommodate the growing need for childcare to families in lower-SES 
communities. In North Carolina, approximately 100,639 (77%) of pre-K aged-students were 
enrolled in private pre-K programs (Peisner-Feinberg et al., 2017). 
Privately funded pre-K programs vary in terms of the students they serve and the 
credential requirements of their teaching staff. Centers can employ licensed teachers or non-
licensed teachers depending on the state in which they are located and their associated 
accrediting body. Students who attend any type of pre-K program have been shown to improve 
in their kindergarten readiness (Claessens & Garrett, 2015). Yet there is still a gap in readiness 
skills between students who attend high-quality centers as opposed to lower quality (Chatterji, 
2015). With the proper resources and support, current non-licensed teachers have the capacity to 
be trained to deliver meaningful mathematics instruction with the quality equivalent or better 
than licensed pre-K teachers (Chatterji, 2015; Duncan et al., 2007). To that end, assessments can 
be used to compare the non-licensed pre-K teachers’ current practices to benchmarks associated 
with the MPCK framework (Arnold et al., 2002; Clements & Sarama, 2011). Once MPCK 
benchmarks are explored, professional development is an intervention that may build non-
licensed pre-K teachers’ MPCK (Rudd, Satterwhite, & Lambert, 2010). 
Current research supports that there is value in early childhood education as it relates to 




2007; García, Weiss, & Economic Policy Institute, 2015). This dissertation is designed to 
address the gap in research regarding what is known about non-licensed pre-K teachers and what 
influences their mathematics instruction when working with students in low-SES environments. 
The following section discusses the significance of mathematics knowledgeable pre-K teachers 
in early learning environments. The next section describes some comprehensive barriers that can 
inhibit non-licensed pre-K teachers’ use of research-based mathematics instruction. The 
discussion then moves to presenting this dissertation’s guiding questions. This chapter concludes 
with a brief introduction to the study’s framework and methodology. 
The Power and Significance of Prekindergarten Teachers 
For students to build complex mathematics understanding, they must have access to 
knowledgeable teachers (U.S. Department of Education, 2008). Clements (2001) explains that an 
effective teacher who intentionally teaches mathematics allows young students to experience 
mathematics more frequently and can have a stronger influence on student achievement 
regardless of poverty, language background, class size, or minority status (Darling-Hammond, 
2000; Rothstein, 2010). Successful mathematics experiences can narrow the early childhood 
mathematics gap as students’ mathematics self-efficacy grows (Sarama, Clements, Starkey, 
Klein, & Wakeley, 2008). Research conducted by Nye, Konstantopoulos, and Hedges (2004) 
looked at data related to lower elementary students and concluded that gains in students’ 
mathematics proficiency during an academic year could increase 12%-14% when taught by a 
competent, capable, and knowledgeable mathematics knowledgeable teacher. 
In early childhood education, competent and effective teachers understand that student-
choice, or “free-play” learning, constitutes much of the day. Teachers in such learning 




opportunities (Early et al., 2010; Linder et al., 2011). In these classrooms, mathematics 
knowledgeable pre-K teachers intentionally create and manage activities that promote 
mathematics engagement, communication, dialogue, and practice (de Haan, Elberts, & Leseman, 
2014). Pre-K teachers who understand foundational mathematics are vital to building and 
maintaining mathematics-rich classrooms. 
Findings indicate there is a positive correlation between strong teacher MPCK, positive 
mathematics affect, and student achievement (Chen, McCray, Adams, & Leow, 2014; Rudd, 
Lambert, Satterwhite, & Zaier, 2008). Pre-K teachers who possess high levels of MPCK have the 
expertise to support mathematics readiness and mathematics skill development in a joyous but 
challenging manner (Clements, 2001; Rudd et al., 2008). However, there is a limited pool of pre-
K teachers who possess strong MPCK as it relates to early childhood mathematics. Kilpatrick et 
al.’s (2001) and Ma’s (1999) research highlight that many good teachers often lack a profound 
understanding of fundamental mathematics necessary to teach the subject. Although many good 
teachers can create inviting learning environments, those environments are not designed to build 
the development of standards (J. Lee, 2010). In many cases, sound and overall effective early 
childhood teachers receive limited training to teach mathematics to young students, debate the 
necessity of mathematics in early learning, and generally lack a deep understanding of what 
constitutes early childhood appropriate mathematics content and developmentally appropriate 
mathematics instructional strategies (Brown, 2005; Clements & Sarama, 2014; Ginsburg et al., 
2008; J. Lee, 2010). Across the nation, many teachers at the elementary level are not adequately 
prepared to design and implement research-based or standards-based mathematics instruction 
necessary to develop and maintain mathematics achievement (C. T. Cross, Woods, & 




To be effective, pre-K teachers need more than foundational content knowledge to design 
and embed meaningful mathematics experiences. Pre-K teachers need a working knowledge of 
ideas and teaching strategies from which to pull when planned instruction requires immediate 
modification. To appropriately utilize this storage of knowledge, teachers must possess an 
awareness of how students learn mathematics, formal and informal assessment techniques, and 
the typical scope and sequence for instruction (Arnold et al., 2002). Strong mathematics 
knowledgeable pre-K teachers seize spontaneous opportunities to engage mathematics 
throughout the day (Brown, 2005). They capitalize on teachable moments by engaging students 
during transitions, asking and answering questions, and recognizing how to build upon their prior 
knowledge. 
The federal government understands the importance of employing effective teachers. On 
many levels, government agencies are continually working to amend, create, modify, and 
reauthorize policies that push to ensure teachers are adequately trained to become highly 
qualified to meet the academic needs of students. The Bush administration called it No Child Left 
Behind (Wong & Sunderman, 2007) and the Obama administration called it A Blueprint for 
Reform: The Reauthorization of the Elementary and Secondary Education Act, but both policies 
sought to ensure all teachers became highly qualified (U.S. Department of Education, 2010). Per 
Title IX, section 9101 of the Elementary and Secondary Education Act, to be considered a highly 
qualified teacher, one must meet specific requirements (U.S. Department of Education, 2010). 
One way to become a highly qualified elementary teacher is to pass a test of basic skills for the 
state in which the teacher will be licensed. Another way to become highly qualified is to 




Although No Child Left Behind outlined the definition of highly qualified teachers, its 
definition does not establish a pathway to ensure that a highly qualified teacher on paper is an 
effective teacher in a real classroom (Thomas & Bainbridge, 2002; U.S. Congress, 2010). To 
effectively teach mathematics, all teachers must have a deep understanding of mathematics 
content knowledge, a vast knowledge base of instructional practices, and a generally positive 
disposition for mathematics. These are aspects of MPCK that this dissertation explored. 
Barriers: Prekindergarten Teachers’ Mathematics Pedagogical Beliefs 
Ma (1999) concluded that effective and knowledgeable mathematics teachers must have a 
profound understanding of fundamental mathematics. The licensed and non-licensed teachers’ 
fundamental mathematics knowledge needed to build student mathematics achievement is not 
equal to general mathematics knowledge necessary to be successful in mathematics-intensive 
careers. Effective mathematics teachers must understand mathematics sufficiently to break down 
content to make it understandable to all students. Possessing such mathematics understanding 
supports that effective teachers can successfully solve grade-specific problems and offer quality 
explanations, use assessment data to decode student misconceptions about the content, and 
design and implement instruction that makes the content meaningful to specific students (Hill, 
Sleep, Lewis, & Ball, 2007). 
For pre-K teachers to efficiently deliver mathematics instruction, they must possess 
enough pedagogical content knowledge to create and maintain high-quality mathematics 
environments (Ball, 2000; NAEYC & NCTM, 2010; Thornton, Crim, & Hawkins, 2009). 
Shulman (1986) defined pedagogical content knowledge as the blending of content knowledge 
with an understanding of how to teach students the content. Building on Shulman, Campbell et 




teachers might draw on or use in instructional practice when teaching the mathematics content” 
(p. 425). This section provided a brief review of how factors such as pedagogical content 
knowledge, personal beliefs, content knowledge, teacher preparation processes, and knowledge 
of how students learn have the potential to influence the mathematics instruction of pre-K 
teachers. 
Purpose of the Study and Guiding Research Questions 
The purpose of this dissertation is to explore non-licensed pre-K teachers’ MPCK and 
MPCK’s influence on teachers’ mathematics instruction at childcare learning centers that 
primarily serve low-SES communities. A discussion about McCray’s (2008) framework is 
presented in greater detail in Chapter II. This study responds to this gap in research. The 
following questions guided this qualitative study: 
1. What is the nature of non-licensed prekindergarten teachers’ mathematics instruction 
when working in lower socioeconomic communities? 
2. How does mathematics pedagogical content knowledge influence non-licensed 
prekindergarten teachers’ instructional practices when working in lower 
socioeconomic communities? 
Significance of the Study 
The study’s significance lies in the assumption that pre-K teachers’ beliefs and MPCK 
influence the quantity and quality of the mathematics instruction they deliver. This dissertation 
places a central focus on pre-K teachers since historically there has been limited investment of 
research to identify the special challenges of pre-K teachers to successfully teach mathematics to 




their level of MPCK, they can produce optimal learning environments. These environments are 
mathematics rich with increased teacher-student mathematics interactions (Reinking, 2015). 
At the time of the present study, the work of D. I. Cross (2009) was the closest aligned 
study found. That dissertation explored teachers’ self-assessment of their MPCK, how their level 
of MPCK aligned with their mathematics instruction, and how their MPCK helped or hindered 
their use of research-based recommendations and resources. In comparison to the current study, 
D. I. Cross’s (2009) study was conducted at the high school level. Similarly, Wilkins’s (2008) 
research specifically explored how elementary teachers’ mathematics subject-matter knowledge, 
mathematics attitudes, and beliefs about mathematics pedagogy related to their use of inquiry-
based learning. Wilkins’s (2008) correlation suggests that teachers with positive mathematics 
dispositions more frequently plan and implement quality mathematics lessons. 
Despite grade levels, great teaching occurs when educators have strong pedagogical content 
knowledge. Regarding mathematics, content knowledge and pedagogy vary drastically from 
preschool to elementary school and elementary school to secondary schooling. A considerable 
distinction between D. I. Cross (2009), Wilkins (2008), and this dissertation is the demographics 
of each study’s participants. Based on current research, there are limited studies that explore how 
pre-K teachers’ beliefs and perceived knowledge of components of MPCK relate to their 
mathematics instruction when employed outside of elementary school settings 
Conceptual Framework 
 Pre-K teachers must consider many factors when planning for mathematics instruction. 
Factors that can influence instructional practices may include beliefs, perceived knowledge of 
MPCK components, and the teacher licensure. Beliefs held by teachers will likely relate to the 




Kim, 2011; Brown, 2005; Bukova-Güzel et al., 2013; Wilkins, 2008). Effective or not, the way 
many teachers learned is the way they opt to teach. These prior experiences frequently affect the 
mathematics instructional decisions teachers make (Bailey, 2010; Brown, 2005; Clements & 
Sarama, 2014; Gresham, 2007; Summers, Davis, & Hoy, 2017). The depth of content knowledge 
possessed by teachers often relates to how they deliver instruction (Hill, Rowan, & Ball, 2005; J. 
E. Lee, 2014; J. S. Lee & Ginsburg, 2009). The conceptual framework in Figure 1 illustrates the 
intersecting factors that may influence the mathematics instructional decisions selected by pre-K 
teachers. McCray’s (2008) MPCK framework details the interactions among three factors: 
teachers’ mathematics content knowledge, teachers’ knowledge of teaching techniques, and 
teachers’ knowledge of student development. A discussion on this conceptual framework occurs 
in greater detail in Chapter II. Figure 1 illustrates the intersecting factors that may influence 
mathematics teaching. 
 





Overview of the Methodology 
Most studies in early childhood education that focus on mathematics are quantitative in 
design and do not focus on non-licensed pre-K teachers who work in low-SES communities 
(Clements et al., 2013; C. T. Cross et al., 2009; de Haan et al., 2014; Dyson, Jordan, & Glutting, 
2011; McCray & Chen, 2012). Therefore, this dissertation used an exploratory methodology to 
contribute to the limited research about non-licensed pre-K teachers and mathematics instruction. 
An exploratory research design is most suitable when there is a topic of interest, but there are 
few or very limited earlier studies that also focus on the topic. For this dissertation, the focus is 
on gathering insight and understanding of non-licensed pre-K teachers’ mathematics instruction 
that can serve as a baseline for future, larger-scale empirical research. In this case, pre-K teachers 
represent teachers who educate students aged 4 and 5 years old. Two pre-K teachers currently 
serving in the same teaching position in low-SES areas participated in this research. Only non-
licensed teachers serving as lead classroom teachers for at least 6 months were recruited as 
participants, and their participation was voluntary. There were no conceivable risks to the 
participants. Their identities were kept confidential during the dissertation Therefore, this 
dissertation used an exploratory methodology to contribute to the limited research about non-
licensed pre-K teachers and mathematics instruction. An exploratory research design is most 
suitable when there is a topic of interest, but there are few or very limited earlier studies which 
also focus on the topic. For this dissertation, the focus was on gathering insight and 
understanding of non-licensed pre-K teachers’ mathematics instruction that can serve as a 
baseline for future, larger scale empirical research. For this case, pre-K teachers represent 
teachers who educate students aged four and five years old. Two pre-K teachers currently 




licensed teachers serving as lead classroom teachers for at least six months were recruited as 
participants and their participation was voluntary. There were no conceivable risks to the 
participants. Their identities were kept confidential during the dissertation by using pseudonyms. 
Using the selected methodology, the researcher could preserve the holistic and 
meaningful individualities of real-life events (Yin, 2016). Data collection for the study included 
semi-structured interviews, classroom observations, a review of available lesson plans, and the 
administration of the Preschool MPCK Interview (McCray, 2008) (see Appendix A). These data 
were analyzed using the analysis methods of key-word-in-context analysis approach and word 
repetitions (Leech & Onwuegbuzie, 2007; Ryan & Bernard, 2003), which supported the 
responses to the guiding research questions presented in Chapter IV. Additional data were 
collected using the Mathematical Development Beliefs Survey (Platas, 2008) (see Appendix B). 
The provided coding guide was used to analyze the survey responses (Platas, 2008). Based on 
data analysis processes, four key themes emerged. The themes that influenced Regina’s and 
Catie’s mathematics instruction included: 
Theme 1 – Teacher beliefs; 
Theme 2 – Access to resources; 
Theme 3 – Pre-K mathematics is primarily number sense development; and 
Theme 4 – Mathematics instruction occurs in free play 
Based on the themes, influencers on non-licensed pre-K teachers’ mathematics instruction 
include the teachers’ (a) beliefs about mathematics teaching in pre-K, and (b) access to 
instructional resources. Both teachers agreed that mathematics instructional is appropriate, 





This exploratory study had an overarching goal of exploring non-licensed pre-K teachers’ 
MPCK and MPCK’s influence on teachers’ mathematics instruction at childcare learning centers 
that primarily serve low-SES communities. This chapter provided an introduction to this 
dissertation by taking a brief look at the power teachers have to support student learning along 
with barriers that prevent teachers from delivering effective instruction. The discussion on 
MPCK is situated by tracking PCK from its foundation in the work of Shulman, Ball, and 
McCray. In the following chapters, the rationale, methods, results, and implications of this 







According to studies by C. T. Cross et al. (2009), the U.S. Department of Education 
(2008), and NAEYC and NCTM (2010), there is a need to explore prekindergarten (pre-K) 
mathematics instruction. In response to this request, the purpose of this study is to explore non-
licensed pre-K teachers’ mathematics pedagogical content knowledge (MPCK) and MPCK’s 
influence on teachers’ mathematics instruction at childcare learning centers that primarily serve 
low-socioeconomic (SES) communities. Teachers do not make instructional decisions in 
isolation. All instructional choices are influenced by multiple factors, including teacher 
preparation processes, beliefs, content knowledge, pedagogical content knowledge (PCK), and 
knowledge of how students learn mathematics. In this chapter, a review of relevant literature is 
presented. To properly set the stage for this dissertation, Chapter II examines education literature 
about early childhood mathematics education, how young students learn mathematics, how pre-
K teachers teach mathematics, and how beliefs relate to teaching. 
Early Childhood Mathematics Education 
The power of pre-k and pre-K teachers can be identified in the evolution of early 
childhood mathematics instruction. Pre-K centers and pre-K teachers can provide mathematics 
instruction to build readiness for students from low-SES communities. Through an examination 
of the literature, early childhood mathematics is found to be extremely important for pre-K 
students and continues to receive robust and widespread attention (Chen et al., 2014; C.T. Cross 
et al., 2009; Erikson Institute, 2014; Ginsburg et al., 2008; McCray, 2008; National Assessment 
of Education Progress, 2019; NAEYC & NCTM, 2010; Youmans, Coombs, & Colgan, 2018). 




in the United States on early childhood education (Saracho & Spodek, 2008). Educational 
movements include the Arithmetic Movement, Infant Schools (Saracho & Spodek, 2008), 
Fröebel’s German Kindergarten (Baader, 2004), and the Curriculum Reform Movement 
(Kliebard, 2004). 
Infant Schools were established by Robert Owen, who posited learning should be guided 
based on students’ experiences (J. Lee, 2010; Saracho & Spodek, 2009). These experiences 
revolved around unstructured play and with manipulatives (Kwon, 2002). Fröebel’s German 
Kindergarten model was foundational in the development of early childhood education in the 
United States (Baader, 2004). Like Infant Schools, Fröebel alleged that children should learn 
through free-play without structured planning by teachers. Within the Fröebel program model, 
children were exposed to mathematics relating to numbers and shapes through gifts, which were 
primitive manipulatives (Saracho & Spodek, 2009). Both early learning programs were 
structured by a specific agenda, rationale, and theory. Each program valued student growth in 
number sense and problem-solving. Each movement considered mathematics important and 
required teachers to understand mathematics to work in a facilitator-like role (Baader, 2004; 
Saracho & Spodek, 2009). 
In the historical existence of mathematics, we know little about the role that MPCK has 
on non-licensed pre-k teachers’ ability to deliver mathematics instruction like teachers in Infant 
Schools or Fröebel’s German Kindergarten (Dunphy, 2009; Ginsburg & Amit, 2008; J. E. Lee, 
2014). Throughout the history of early childhood mathematics education in the United States, 
few early childhood teachers have been known to deliver mathematics instruction while 
assuming a facilitator-like role (Copley, 2004; C. T. Cross et al., 2009). Non-licensed, pre-K 




(Clements & Sarama, 2007; Claessens & Garret, 2014; Copley, 2004; Ginsburg et al., 2008; J. S. 
Lee & Ginsburg, 2007a). Proportionately, non-licensed pre-K teachers infrequently provide 
explicit and direct support to enhance the everyday mathematics knowledge students bring to 
pre-k (J. S. Lee & Ginsburg, 2009). There is a need for licensed and non-licensed pre-k teachers 
to improve the mathematics instruction they deliver (Rudd et al., 2008) as more attention is being 
placed on the mathematics capacity of early childhood teachers. Per the U.S. Department of 
Education (2008) and C. T. Cross et al. (2009), learning mathematics early in life predicts future 
mathematics achievement throughout high school and later overall academic achievement more 
consistently than early reading skills. 
How Young Students Learn Mathematics 
Young students can construct valid mathematics arguments (Baroody et al., 
2009; Björklund & Alkhede, 2017; Frye et al., 2013; McCray, 2008; Perry & Dockett, 2002). 
Therefore, pre-K teachers should understand how young students learn in order to provide 
developmentally appropriate mathematics instruction. Knowledgeable pre-K teachers frequently 
deliver developmentally appropriate mathematics instruction by providing intentional 
opportunities to play. This form of intentional play promotes natural engagement with 
mathematics organically (Samuelsson & Carlsson, 2008). These simple experiences from 
unstructured play serve as many students’ first exposure to “scientific inquiry” (Hamlin & 
Wisneski, 2012, p. 82). Through everyday experiences and natural play, young students continue 
to utilize mathematics. Learning to recognize the mathematics of play can enhance pre-K 
teachers’ ability to embed lessons outside of whole group time with explicit or direct instruction 
(Anders & Rossbach, 2015; Schack et al., 2013; Sherin, Jacobs, & Philipp, 2011). When young 




constructing beliefs from their play. Students learn to make predictions based on consistent cause 
and effect experiences they encounter (Schunk, 2012). Before entering pre-K, students become 
knowledgeable of colors, shapes, quantity, and sharing fairly (Clements & Sarama, 2011; 
Ginsburg, Inoue, & Seo, 1999; Greenes et al., 2004). 
Although the term was not coined during earlier movements, Carew (1980) conducted 
observations of children at home and in early childhood centers. Her findings provided 
supportive evidence that the ability to learn mathematics begins at infancy. This concept is now 
referred to as everyday mathematics (Clements & Sarama, 2011; Greenes et al., 2004). Ginsburg 
et al. (2008) describes everyday mathematics as “an essential and even inevitable feature of the 
child’s cognitive development . . . such as theory of mind or critical thinking [and] develops in 
the ordinary environment, usually without direct instruction” (p. 3). During snack, young 
children often notice when snacks are not shared equally and begin using terms such as more, 
less, or not fair. As young students experience these learning opportunities, their cognitive 
abilities strengthen, and they learn to think more critically about the previous knowledge they 
constructed (Ginsburg et al., 2008; Schunk, 2012). 
Everyday mathematics is learned organically through young students’ play and innate life 
experiences. Everyday mathematics learning occurs before entering pre-K for all students 
independent of familial SES (Fuson, 2009). Their knowledge is likely to include some level of 
inaccuracies and irrational reasoning of mathematics as students construct this knowledge 
without intentional guidance (Ginsburg et al., 2008; Klein, Starkey, Clements, Sarama, & Iyer, 
2008). Therefore, when teachers notice and acknowledge their students’ prior knowledge, there 
is more significant potential to support intentional mathematics instruction (Greenes et al., 2004; 




Using play is a great way to learn, but play alone may not guarantee mathematics 
proficiency (Kontos, 1999). Licensed and non-licensed pre-K teachers must be able to account 
for young students’ knowledge of everyday mathematics and the big ideas of mathematics —a 
key aspect of content and students (Ball, Thames, & Phelps, 2008)—in order to make 
meaningful and intentional mathematics instruction. Teachers must be able to integrate their 
mathematics content knowledge and pedagogical practices with their knowledge of students’ 
mathematics ability (Shulman, 1987). As students showcase different approaches to solving 
problems, teachers can adapt their instruction. When appropriate, pre-K teachers should 
incorporate various manipulatives and instructional resources to the same concepts in multiple 
ways. Pre-K teachers must facilitate and scaffold rich engagement and the development of 
mathematics (NAEYC & NCTM, 2010). 
Dialogue is another key strategy in which young students learn. As teachers work with 
students, they must teach and practice communication using mathematics vocabulary (Perry, 
Dockett, & Harley, 2007). Actively using mathematics language enhances mathematics 
development. When pre-K teachers are knowledgeable about pre-K mathematics, they question 
and engage students in informal but intentional conversations about mathematics outside of 
direct instruction (Rudd et al., 2010). Mathematics knowledge can enhance the opportunity to 
seize teachable moments and build mathematics vocabulary. For example, the block center is a 
high traffic area during free play. As students are playing in the block center, a common activity 
of children is to build towers. Young students carefully place various blocks vertically to 
complete this task. Mathematics-knowledgeable teachers must be able to notice that this process 
of stacking and building has mathematics learning potential (Kilday, Kinzie, Mashburn, & 




same size using different sized blocks or engage the learner in a conversation about their 
building compared to another building and using mathematics vocabulary. 
When teachers and students engage in a dialogue that is grounded in mathematics, it is 
referred to as Mathematical Mediated Language (Moseley, 2005). Moseley (2005) suggests 
Mathematical Mediated Language “serves to link conceptually related linguistic and 
mathematical knowledge” such that mathematical terminology can be joined with the everyday 
language of students, which “may influence their ability to see opportunities for teaching 
mathematical concepts not only in the context of an explicit math lesson but throughout the 
broader early childhood curriculum” (p. 385). Using mathematics vocabulary in daily 
conversations, teachers can make teachable moments more meaningful and help young students 
extend and elaborate their mathematics thinking. Teachers need content knowledge and the 
ability to informally access play to deliver additional, intentional mathematics instruction 
(Ginsburg et al., 1999). 
Non-Licensed Pre-K Teachers and Mathematics 
Ginsburg, Lee, and Boyd remind us that young children can and do learn mathematical 
concepts, and they could learn much more if we supported their learning. But preschool 
teachers are given almost no preparation to teach mathematics. The consequence, 
apparent to me in visits to hundreds of preschool and kindergarten classrooms is that 
mathematics is simply not taught. (Stipek, 2008, p. 13) 
 
Teachers are the key ingredient necessary to provide meaningful early childhood 
mathematics instruction (Herron, 2010; U.S. Department of Education, 2008). Teachers are often 
categorized by their educational qualifications if they are licensed or not (Barnett, 2003; Darling-
Hammond, 2017; Kodagoda, 2014; Phillips & Morse, 2011). Requirements to become a lead 
pre-K teacher differ between private and public childcare settings (Swars, Smith, Smith, & Hart, 




lead pre-K teacher vary across states, based on center accreditations and the community where 
the center is located. In some instances, the only requirement to serve as a pre-K teacher is to 
have a high school diploma (Rudd, Lambert, Satterwhite, & Smith, 2009; U.S. Department of 
Education, 2008). 
Unfortunately, non-licensed pre-k teachers are often seen as babysitters and not qualified 
educators when working in low-SES communities (Nelson & Lewis, 2016). Whether a pre-K 
teacher is licensed or non-licensed, they should provide intentional mathematics instruction to 
support mathematics development (de Haan et al., 2014). Although there is a need to provide 
meaningful mathematics instruction, many pre-K teachers struggle to offer appropriate 
mathematics instruction and are less confident in their ability to teach mathematics (Ginsburg et 
al., 2008; Moon & Lee, 2011). Current research indicates that pre-K teachers have limited 
mathematics content knowledge as they typically receive minimal, if any, preparation for 
teaching mathematics (Ginsburg et al., 2008; Thiel, 2010; Tirosh et al., 2011), which further 
relegates them to the role of babysitters opposed to teachers.   
In early childhood, teachers’ education level frequently affects the quality of instruction 
they provide (Barnett, 2003; Barnett, Jung, Youn, & Frede, 2013; Saracho & Spodek, 2014). 
There is evidence linking teachers’ credentials to their students’ achievement (Barnett et al., 
2013; Chen et al., 2014; Claessens & Garrett, 2014; Carew, 1980; Darling-Hammond, 2017). In 
the United States, 30% of pre-K teachers in the private setting have not completed a formal pre-
K teacher preparation program and only meet their state’s minimum requirements (Whitebook et 
al., 2018). According to Claessens and Garrett (2014), teachers with at least a bachelor’s degree 
in early childhood education typically provide more developmentally appropriate mathematics 




knowledge of general pedagogy. With limited credentials, non-licensed “preschool teachers 
receive little or no preparation for teaching mathematics to their young children” (Tirosh et al., 
2011, p. 114). The certification route taken by an early childhood teacher influences their 
pedagogical beliefs, MPCK, and mathematics instruction (Ball, 1998; J. S. Lee & Ginsburg, 
2007a; McCray, 2008; Shulman, 1986). Although there is a wealth of research in the area of 
early childhood mathematics education, most of it focuses on licensed teachers who work in 
public pre-K settings and not the 30% of non-licensed teachers in the private sector. The need to 
produce teachers who are educated and prepared to teach early childhood mathematics is an 
important part of offering quality pre-K education. In the next section, PCK and MPCK are 
discussed to examine how components of MPCK are interrelated. 
Pedagogical Content Knowledge 
Teachers of young children should learn the mathematics content that is directly relevant 
to their professional role. But content alone is not enough. Effective professional 
programs weave together mathematics content, pedagogy, and knowledge of child 
development. (NAEYC & NCTM, 2010, p. 11) 
 
Marzano (2017) acknowledges that teaching is a complex profession that is dually an art 
and a science. A key indicator of this duality in this profession is characterized by high-quality, 
competent teachers that can positively affect student achievement (Hattie, 2012; U.S. 
Department of Education, 2008). Per the RAND Corporation (2012), “teachers matter more to 
student achievement than any other aspect of schooling” (p. 1). Studies conducted by the U.S. 
Department of Education (2008), Clements and Sarama (2014), and others indicate that students’ 
mathematics mastery can compound over time when taught by effective teachers over 
consecutive years. However, Hanushek (2010) found that “it may not be possible for [a] student 
to recover” if ineffective teachers across multiple years teach them (p. 467). Therefore, exposing 




stage for their foundational learning experiences (Fenstermacher, 1979). Justly, students’ 
achievement and teachers’ content knowledge are significantly correlated. 
There is a difference between knowing content and knowing how to teach that content to 
students. Shulman (1986) argues that teaching is a multi-dimensional concept. His work specifies 
that effective teaching joins together subject matter knowledge, general teaching pedagogical 
skills, and a unique domain of knowledge called PCK. Since his conception of general PCK, 
many subject areas have been altered and more advanced representation of subject-specific PCK 
have been created. In a broad scope, all teachers need to provide high-quality instruction that is 
systematically defined as pedagogical content knowledge (Chan & Yung, 2018). 
Shulman (1986, 1987) believes that competent and effective teachers teach based on their 
understanding of content knowledge and their understanding of content-specific pedagogy. 
Shulman coined the integration of these two elements as PCK (see Figure 2). From this 
combination, Shulman (1986, 1987) presented the idea that student achievement is influenced 
and can be improved based on teachers’ PCK. Shulman’s (1986) PCK framework addresses the 
specific subject matter knowledge that should be taught, knowledge of instructional resources, 
and pedagogical knowledge as it relates to appropriate teaching and learning strategies. Shulman 
(1986, 1987) identifies key differences between the three types of teacher knowledge (subject 
matter, curriculum, pedagogical). Such that, PCK is an integrated set of knowledge that effective 
teachers can pull from to best teach the appropriate content knowledge to diverse groups of 
students in a developmentally appropriate manner. 
Teachers with strong PCK more frequently facilitate meaningful learning experiences 
based on their understanding of how students learn and construct content misconceptions. 
Pedagogical content knowledge goes beyond the knowledge of subject matter per se . . . 




the conceptions and preconceptions that students of different ages and backgrounds bring 
with them to the learning of those most frequently taught topics and lessons. (Shulman, 




Figure 2. Pedagogical content knowledge. Source: Shulman (1986). 
 
 
Although Shulman is recognized as the father of PCK, the concept is not new and continues to be 
refined. From Shulman’s (1986) research on PCK, a movement to explore what teachers need to 
know and understand about specific subjects emerged. Shulman’s work has been well received, 
and justly used as the theory that supports MPCK, technology PCK, and many other disciplinary 
areas. This dissertation in part focuses on MPCK; therefore, more discussion on PCK for 
mathematics follows. 
Teaching and Learning Mathematics 
Although attributes of effective teaching are similar across grades and subjects, there are 
aspects relating to beliefs, content knowledge, pedagogical practices, and understanding of 
students that alter the delivery of good mathematics teaching at the pre-K level. In the next 
section, aspects of PCK for mathematics are discussed related to teaching. Miller, Schiavo, and 




engagement, their use of instructional resources and materials, and student mathematics 
understanding. Their work on the Mathematics and Science Partnership Knowledge Management 
and Dissemination Project concluded that teachers with high levels of mathematics knowledge 
for teaching often promote meaningful engagement with specific mathematics content by 
designing and implementing lessons that utilize scenarios that link previous and new content 
(Mohan, Galosy, Miller, & Bintz, 2017). Such competent and effective teachers with higher 
levels of mathematics knowledge for teaching frequently teach using hands-on approaches that 
incorporate manipulatives and models to promote deeper understanding and opportunities for 
students to construct meaning (Clements & Sarama, 2007; Linder et al., 2011; Ma, 1999). 
Ball (1988) conducted one of the initial empirical studies that addressed PCK for 
mathematics. Interestingly, the study’s findings revealed that less than one-third of the preservice 
teachers interviewed successfully understood or could articulate valid rationales to justify 
mathematics. The later works of Ball (1990) further separated content and pedagogical 
knowledge to “knowledge of and about mathematics” (p. 39). MPCK was investigated with 
greater depth using upper elementary teachers by Ball et al. (2008). They identified effective 
PCK for mathematics. This concept incorporated more than PCK, as described by Shulman 
(1987). From the work of Ball (1990), the Mathematical Knowledge for Teaching framework 
evolved to conceptualize the PCK needed specifically for mathematics teachers. 
The Mathematical Knowledge for Teaching framework deconstructed PCK into two 
parts—what is typically referred to as PCK along with subject-matter knowledge (see Figure 3). 
The two independent domains—common content knowledge and specialized content 
knowledge—comprise subject-matter knowledge. Common content knowledge relates to general 




example, a mathematics concept that makes up common content knowledge includes general 
mathematics knowledge that most educated adults would know, such as telling time using an 
analog clock. 
 
Figure 3. Domains of mathematical knowledge for teaching. Source: Ball et al. (2008). 
 
Unlike common content knowledge, specialized content knowledge is knowledge of 
mathematics that is necessary to teach mathematics to others. This knowledge relates to 
understanding mathematics well enough to break down common content knowledge into smaller 
objectives, which then enables a student to represent and explain mathematics using processes, 
strategies, and vocabulary (e.g., understanding that although arithmetic and algebra are different, 
there is a relationship between the two mathematics domains). Arithmetic is the most basic of all 
branches of mathematics. It deals directly with the simple computation of numbers using the 
operations of addition, subtraction, multiplication, and division. Algebra also encompasses 
computation using operations, but the use of numbers and variables enables one to model 
situations and solve more complex problems. 
Knowledge of content and teaching (KCT), knowledge of content and students (KCS), 
and knowledge of the curriculum are the domains that define PCK within the Mathematical 




Mathematical Knowledge for Teaching framework considered. Each of these components of 
knowing aligns with the components as articulated by McCray’s (2008) MPCK framework. 
Even with growing attention to early childhood mathematics education, little research is 
available that focuses on effective early childhood mathematics teachers and what influences 
their mathematics instruction at the pre-K level. By conducting a general search of early 
childhood teachers and empirical mathematics studies, it certainly appears there is much research 
available on the topic of mathematics in early childhood education, but this is not the case. The 
definition of early childhood is inclusive of students from birth to 8 years old (Lamb & 
Bornstein, 2011). Most published research in the early childhood mathematics arena focuses on 
teachers at the elementary level or higher, not pre-K (Aguirre, Zavala, & Katanyoutanant, 2012; 
Gresham, 2007; Incikabi & Kildan, 2013; Newton, Leonard, Evans, & Eastburn, 2012; Sackes, 
Flevares, Gonya, & Trundle, 2012; Swars et al., 2009). 
Research on Teaching and Learning Pre-K Mathematics 
As an increased focus continues to be placed on the mathematics proficiency of young 
students, attention is also being placed on the mathematics capacity of early childhood teachers. 
With the increased emphasis on mathematics at the pre-K level, early childhood teachers must be 
adequately prepared to plan and facilitate rich, meaningful mathematics lessons. According to 
the U.S. Department of Education (2008) and C. T. Cross et al. (2009), learning mathematics 
early in life predicts future mathematics achievement throughout high school and later overall 
academic achievement more consistently than early reading skills. Moreover, learning to think 
mathematically and to apply mathematical practices is necessary and often embedded in the pre-
K curriculum (Clements & Sarama, 2014; Greenes et al., 2004; NAEYC & NCTM, 2010). An 




(Ma, 1999). However, “little improvement is possible without direct attention to the practice of 
teaching” (Ball, Hill, & Bass, 2005, p. 14). 
For example, pre-K teachers with higher PCK frequently promote mathematics 
engagement through multiple modalities of teaching and playful experiences (Samuelsson & 
Carlsson, 2008). Pre-K teachers with high levels of MPCK understand the importance of 
teaching mathematics in whole and small group settings, as well as intentionally embedding 
mathematics exploration in centers and free play (Linder et al., 2011). Teachers with higher 
levels of MPCK can effectively reinforce content mastery outside of teacher-directed instruction 
(Ginsburg & Amit, 2008). 
McCray’s Mathematics Pedagogical Framework 
Ball et al.’s (2008) framework is more widely used to evaluate and understand MPCK, 
McCray’s (2008) framework is designed explicitly to addresses preschool teachers’ MPCK. This 
is key to note as Anders and Rossbach (2015) confirm “preschool mathematics comprises 
different content than elementary or secondary school mathematics” (p. 308). Mathematics 
content knowledge, pedagogical practices, and understanding of how students learn differ 
significantly between preschool and elementary (McCray & Chen, 2012). 
Young students do not initially grasp mathematics using formulas, procedures, or written 
symbols. Instead, they explore and construct mathematics knowledge through hands-on 
engagement with meaningful manipulatives, play, and intentional mathematics instruction. 
MPCK knowledge is needed for teachers to understand what constitutes mathematics for young 
students in order to design and provide developmentally appropriate instruction. This instruction 




playful experiences that promote exploration of mathematics relationships (McCray & Chen, 
2012). 
The Preschool MPCK Framework (see Figure 1) outlines the intersecting parts—or 
domains—of knowledge through which one can see Shulman’s (1987) concept: what 
mathematics are for preschool students, how to most effectively teach the students the what, and 
ways of accessing the development of students’ mathematics growth specifically for pre-K 
teachers. This is key to note, as Anders and Rossbach (2015) confirm “preschool mathematics 
comprises different content than elementary or secondary school mathematics” (p. 308). 
Mathematics content knowledge, pedagogical practices, and understanding of how students learn 
vary significantly between preschool and elementary (McCray & Chen, 2012). 
 Mathematics knowledgeable pre-K teachers must be able to expose and engage young 
students to mathematics through play, conversations, and capitalizing on teachable moments 
(Clements & Sarama, 2014; Ginsberg et al., 2008). Thus, a vital indicator that an early childhood 
teacher is cognizant of providing high-quality mathematics experiences occurs when they can 
cultivate a learning environment that offers students opportunities to explore mathematics in 
their everyday, natural classroom environment (Gasteiger, 2014; van Oers, 2010). 
Pre-K Teachers’ Mathematics Knowledge 
In order to build mathematics readiness, mathematics knowledgeable pre-K teachers must 
know early childhood mathematics well (Copley, 2010). Unfortunately, research studies continue 
to indicate that most early childhood education teachers are not properly prepared to design and 
deliver mathematics instruction, particularly those who work with young children (Ma, 1999; 
Moseley, 2005). A discussion of influences relating to MPCK and pre-K teachers follows. 




including mathematical concepts and procedures and the connections among them; multiple 
representations of mathematics and procedures; and ways to reason mathematically, solve 
problems, and communicate mathematics effectively at different levels of formality” (NCTM, 
1991, p. 132). In many preparation programs, elementary and secondary mathematics teachers 
are required to take at least one educational mathematics methods course. Leong et al. (2015) 
explored the mathematics content knowledge and MPCK of 567 elementary and 389 secondary 
preservice teachers. Their findings suggest that the development of MPCK in preservice teachers 
was less than proficient. Understanding that most pre-K teachers are not required to take any 
mathematics methods courses sheds light on how underprepared many early childhood and 
elementary teachers are. 
Mathematics education embraces very broad and deep concepts such as number and 
operations, geometry, measurement, and data analysis (NCTM, 1991, 2000). Like most adults, 
many pre-K teachers frequently believe mathematics for young children is rudimentary, 
simplistic, or just fewer complex problems. Early childhood mathematics begins with the natural 
development of precursor concepts that support the development of Big Ideas of Early 
Mathematics (Erikson Institute, 2014). Nine Big Ideas should be developed between the ages of 
three and six: (a) sets, (b) number sense, (c) counting, (d) operations, (e) patterns, (f) 
measurement, (g) data analysis, (h) spatial relations, and (i) shapes. This is key to note as Anders 
and Rossbach (2015) confirm “preschool mathematics comprises different content than 
elementary or secondary school mathematics” (p. 308). Mathematics content knowledge, 
pedagogical practices, and understanding of how students learn vary significantly between 




Ginsburg et al. (2008) identify that mathematics concepts for early childhood 
mathematics education go much further than counting, recognizing numbers, and naming shapes. 
Their work implies that mathematics concepts for early childhood education include broad 
strands of big ideas of mathematics that include algebra, geometry, measurement, numbers and 
operation, and patterns (NAEYC & NCTM, 2010; NCTM, 2000). Each of these big ideas has 
several subtopics that build a deeper understanding of the broader learning goals. For example, 
many teachers feel that mastery of numbers and operations occurs when students can rote count, 
name numerals, and showcase acceptable one-to-one correspondence. However, mastery of this 
mathematics strand also encapsulates learning to add and subtract (Charlesworth, 2005; NCTM, 
2000). It also includes the language that supports counting, reading number symbols, reading 
number words, set production, quantitative comparison, set matching, and set-to-set matching 
(Moseley, 2005). 
Pre-K Teachers Know How Students Learn. 
Effective pre-K teachers notice the mathematics embedded within their learning 
environments such that when young students notice quantities and make comparisons, the pre-K 
teacher can create opportunities to engage students in detailed play with intentional attention to 
related mathematics (Kilday et al., 2012). They not only ask a student “how many,” but they 
engage the students in more in-depth conversations such that they can push the students to build 
and use comparative language such as more, less, or fair share. This type of comparative 
language is used when introducing the mathematics operations of addition, subtraction, 
multiplication, and division (Baroody, 2000; Van de Walle, Karp, & Bay-Williams, 2012). Early 
mathematics language and ideas are pre-K foundational knowledge that leads to mastery of more 




mathematics content knowledge for early childhood education, the interconnections among these 
concepts, and their relation to building young student’s foundational mathematics knowledge are 
directly related to Ball et al.’s (2008) construct of specialized content knowledge. Therefore, if 
pre-K teachers are expected to build mathematics proficiency, teachers must have richer 
understandings of specialized content knowledge (Ball et al., 2008). Due to content knowledge 
limitations, many pre-K teachers often feel inept in their ability to provide mathematics 
instruction in unplanned lessons (Ginsburg et al., 2008; Moon & Lee, 2011; Stoehr, 2017). Such 
limited opportunities for young students to engage in mathematics talk and language 
development impacts mathematics learning negatively. 
Understanding mathematics concepts and being an effective mathematics pre-K teacher 
requires teachers to understand students’ underlying development of mathematical content in 
order to selected appropriate activities (Ginsburg et al., 1999). Based on teachers’ observations 
and analyses of student mathematical engagement with activities, pre-K teachers should be 
prepared to design meaningful and explicit instruction that fosters young students’ mathematics 
development. To provide coherent mathematics instruction by seizing teachable moments, pre-K 
teachers need knowledge of mathematics content and how students learn mathematics that is 
based on teachers’ deep understanding of both subject matter in mathematics and children’s 
informal mathematics (Ball et al., 2008; Linder, 2012; Linder et al., 2011; McCray, 2008). 
However, due to limited MPCK development, many pre-K teachers struggle with 
identifying, incorporating, and balancing mathematics instruction throughout the day. Herron 
(2010) conducted a qualitative study of three pre-K teachers who worked with underserved 
students. As an intervention to increase mathematics instruction, she introduced a scripted 




(Herron, 2010; Linder & Simpson, 2018). The combination of both interventions increased the 
pre-K teachers’ ability to notice and recognize students’ mathematics engagement outside of 
whole group instruction. The participants appreciated the structure, scope, and sequence found in 
the prepackaged curriculum. She found that the use of a scripted curriculum package improved 
the teachers’ disposition for teaching mathematics as well as their willingness to invest more 
time in mathematics instructional planning. 
To successfully incorporate mathematics in everyday learning activities, pre-K teachers 
must possess in-depth knowledge of precursor mathematics concepts or the guidance of a 
curriculum that presents lessons in a developmentally appropriate manner (Erikson Institute, 
2014; Ginsburg & Ertle, 2008). When pre-K teachers have a deep understanding, they can 
provide rich, meaningful opportunities in which students can engage with mathematics in daily 
routines. Teachers must seize teachable moments when they present themselves (Ginsburg & 
Ertle, 2008; Kilday et al., 2012). Knowledgeable teachers must observe children during play 
carefully and unstructured learning activities to identify “spontaneously emerging situation[s] 
that can be exploited to promote learning” (Ginsburg et al., 2008, p. 7). 
Through professional development and early childhood mathematics methods courses, 
pre-K teachers can learn to recognize these natural experiences (Clements & Sarama, 2014; 
Rudd et al., 2009). Then they can learn how to intentionally design and implement lessons that 
build on their students’ prior knowledge. Knowledgeable pre-K teachers can then begin directly 
teaching specific content that bridges the embedded informal mathematics experiences with 
intentional mathematics instruction. To become a productive, mathematics-knowledgeable pre-K 
teacher requires more than an understanding of basic mathematics. Effective teachers have 




utilize multiple pedagogical practices, and have a sense of how students learn (McCray, 2008; 
Shulman, 1986). When teachers can consider and account for each of these factors of MPCK, 
they can plan and deliver meaningful instruction. 
Teacher Beliefs 
Beliefs are “the most valuable psychological construct to teacher education” 
(Fenstermacher, 1979, p. 174). Beliefs is a significant factor that relates to a teacher’s design and 
implementation of teaching and learning mathematics (J. S. Lee & Ginsburg, 2007a; Pajares, 
1992). All prior experiences help form a teacher’s beliefs about what it means to learn and teach 
mathematics as all teachers have personal beliefs that affect and influence their joy for teaching a 
subject and their instructional behaviors and decisions (Ashton & Webb, 1986; Bandura, 1977, 
1997; Clements & Sarama, 2014; Perry et al., 2007). Teachers are continually filtering new 
information and experiences through their fundamental belief system and pedagogical 
understandings that perpetuate their delivery of instruction. 
Teachers trust their personal beliefs, understandings, and ideas to design and implement 
meaningful experiences that support their students’ academic growth. General affect, beliefs, 
content knowledge, and instructional practices frequently evolve as teachers reflect on their 
practice, work in diverse settings, and interact with varying students (Joram, 2007; Zambo & 
Zambo, 2011). In mathematics teachers must constantly reflect on how their beliefs influence 
their daily instruction and are given resources that promote building their mathematics teaching 
efficacy. 
A teacher’s beliefs have the power to impact and affect their students’ natural interest in 
learning mathematics and their achievement (Aslan, Ogul, & Tas, 2013; Şeker & Alisinanoglu, 




reported questionnaires. Based on the analysis of the questionnaires, Brown (2005) found pre-K 
teachers’ mathematics teaching efficacy was higher than it was in the 1980s, and more pre-K 
teachers believe mathematics is essential and necessary in pre-K. Chen et al. (2014) conducted a 
study that produced similar findings to Brown (2005). Chen et al. (2014) collected survey data 
on 346 early childhood teachers. Their findings indicate that more of the surveyed early 
childhood teachers were developing positive beliefs and confidence in teaching mathematics. 
Overall, 80% of pre-K teachers in the study were confident in their ability to plan for 
mathematics instruction. They can also better notice mathematics throughout the learning 
environment and can help students build an efficacious mathematics affect. However, with this 
improvement in positive beliefs, the study participants were still not as confident in their ability 
to teach complex mathematics content. Examples of complex mathematics, aside from 
numeracy, include operations and algebraic thinking, number and operations in base ten, 
measurement and data, classification, spatial relations, geometric reasoning, patterning, and 
problem-solving (Harvey & Miller, 2017; Youmans et al., 2018). Although beliefs play a 
dominant role in the instructional planning process, teacher beliefs can be hard to capture and 
interpret empirically. One major factor is that research about beliefs is often reliant on self-
reported data. 
Summary 
This section of the chapter provided an in-depth discussion of pre-K teachers’ MPCK and 
how this knowledge relates to the mathematics instruction they often provide in early learning 
environments. This review was conducted by exploring pedagogical content knowledge and 
Mathematical Knowledge for Teaching, and then discussing mathematics knowledge necessary 




knowledge of mathematics and students is vital in order for them to provide meaningful 
instruction in a typical pre-K learning environment. To be effective, pre-K teachers must have 
the specialized content knowledge to understand and make meaning of the content specific to 
early learning mathematics (Ginsburg & Ertle, 2008). Pre-K teachers must also be able to 
properly observe and seize teachable moments throughout the day that capitalize on mathematics 
concepts and build upon young students’ natural mathematics thinking, as this relates to KCS. 
When teachers have the proper domains of mathematics knowledge and the ability to understand 
how young students learn, they can adequately plan and implement meaningful mathematics 
instruction at any point throughout the day—planned or on the spot (Ginsburg & Ertle, 2008; 
Ginsburg et al., 2008). When pre-K teachers have a solid understanding of early childhood big 
mathematics, they are more prepared to help students build an essential mathematics foundation. 
When early childhood education stakeholders recognize the importance of exploring what 
mathematics pre-K teachers know, understand, and believe, those stakeholders can gain clarity as 
to what influences their mathematics instruction. 
Based on the literature, pre-K teachers can potentially improve their mathematics 
instruction through increased MPCK development. The art of developing adequate MPCK is 
intricate and requires continuous effort. To provide effective mathematics instruction, pre-K 
teachers need to have sound content and pedagogical content knowledge (Shulman, 1986). 
Understanding both content and pedagogy is crucial to observing and analyzing children’s 
mathematics thinking and then being able to integrate this knowledge into practice that builds on 
young students’ experiences, interests, and needs (Ball & Bass, 2000). Therefore, this 
dissertation explores pre-K teachers’ mathematics knowledge by investigating their MPCK and 




described how pre-K teachers’ MPCK could relate to the quality of mathematics learning 
experiences they provide. The dissertation’s guiding conceptual framework was explored, 
starting with Shulman (1986) and moving to McCray’s (2008) Mathematics Pedagogical Content 
Knowledge Framework for preschool and pre-K teachers. In the next chapter, the methodological 







The purpose of this dissertation is to explore non-licensed prekindergarten (pre-K) 
teachers’ mathematics pedagogical content knowledge (MPCK) and MPCK’s influence on 
teachers’ mathematics instruction at childcare learning centers that primarily serve lower 
socioeconomic communities. Chapter III details the research design as it pertained to this 
qualitative exploratory case study and the conceptual framework used to shape the 
methodological design employed. In this chapter, information about the settings, participants, 
data collection procedures, data analysis, an introduction of the emerging themes (Miles, 
Huberman, & Saldana, 2014) limitations and steps to build trustworthiness are presented. The 
following research question guided this study: 
1. What is the nature of non-licensed prekindergarten teachers’ mathematics 
instruction when working in childcare centers that serve lower socioeconomic 
communities? 
2. How does mathematics pedagogical content knowledge influence non-licensed 
prekindergarten teachers’ mathematics instruction when working in lower 
socioeconomic communities? 
Paradigm 
A constructivist epistemology paradigm framed this qualitative dissertation. 
Constructivism supports the idea that individuals construct knowledge and gain understanding 
through interactions with the world around them. Such that, even when individuals experience 
the same event or participate in similar experiences, their viewpoints are subjective (Creswell, 




specific assumptions are central to this dissertation study: (a) people construct meaning as they 
engage in their environment; (b) therefore, qualitative research often includes the use of open-
ended questions which allow participants to share their views and perspectives; (c) people 
engage within their world and construct meaning and make sense of new knowledge based on 
their historical and social perspectives, and (d) generation of meaning is always social and arises 
through interactions. 
Stake (2014) defines constructivist as a belief that knowledge is made up mostly of social 
interpretations rather than understanding external reality. Stake (2014) acknowledges the 
importance of the researcher within constructivism is that of a gatherer and interpreter who 
nourishes “the belief that knowledge is constructed rather than discovered” (p. 99). In this 
dissertation, findings are based on the interpretations of non-licensed teachers who teach 
mathematics to students aged four to five in pre-K classrooms. Of interest is the way in which 
non-licensed pre-K teachers design mathematics instruction based on their MPCK. The teacher 
participants constructed reality based on their individual and shared experiences. How they 
interacted with and made decisions based on the actions and reactions of students was complex 
and reflected a constructivist epistemology. 
In terms of analysis, the interpretive theoretical perspective provides a framework for 
understanding the study’s findings. The interpretive tradition asserts that the researcher should 
begin by examining the context to be studied through actions and inquiry, as opposed to 
predisposed assumptions. Interpretive studies exemplify how the researcher is interested in 
understanding how participants make meaning of a situation or topic of interest. Such meaning is 
mediated through the role of the researcher as an instrument (Merriam & Grenier, 2019; 




development of a theme in future explanatory research (Merriam & Grenier, 2019; Merriam & 
Tisdell, 2016). 
Constructivist researchers focus on understanding and reconstructing the meanings that 
individuals hold about the selected topic of interest by examining their lived experiences in-
depth (Crotty, 1998; Gubrium & Holstein, 1997). For this dissertation, the constructivist 
paradigm was used to examine and understand non-licensed pre-K teachers’ MPCK and the 
mathematics instruction they use to promote mathematic understanding in young students from 
lower socioeconomic environments. In this dissertation, I observed non-licensed pre-K teachers 
in their classrooms; conducted interviews; reviewed relevant, available documents; administered 
survey instruments; and continually analyzed these data to gain an understanding and construct 
meaning about each participant’s MPCK and its influence on their mathematics instruction. 
Research Methodology 
A qualitative research design is used in this study for several reasons. Qualitative designs 
are useful in discovering the meaning that people give to events they experience (Denzin & 
Lincoln, 2013), and when the nature of the research questions require exploration (Stake, 2014). 
Instead of asking why questions, qualitative research questions often begin with what or how in 
order for the researcher to gain an in-depth understanding of what is occurring related to the 
topic of interest (Patton, 2014; Yin, 2018). Utilizing the case study design allowed the 
exploration to preserve a holistic and meaningful trait of real-life events (Yin, 2018). Merriam, 
Stake, and Yin, three prominent researchers, focus on case study designs and offer meaningful 
techniques that influence the design, organization of data collection, and reporting of a study’s 





There is a need to know more about non-licensed pre-K teachers’ MPCK and its 
influence on their mathematics instruction at childcare learning centers that primarily serve lower 
socioeconomic communities. There are limited data available that focus on the selected topic of 
exploration. Due to the limited data available, there are no propositions or predetermined 
outcomes for this study (Stebbins, 2011; Yin, 2018). Simply put, there is not enough 
“experience, knowledge, or information from the literature upon which to base propositions in an 
exploratory study relating to this phenomenon” (Baxter & Jack, 2008, p. 552). Such a qualitative 
design is flexible and allows the researcher to take the initial steps needed to gain an 
understanding of what is happening with the constructs of the phenomenon and to seek insight 
for more formal exploration of the selected topic of interest (Stebbins, 2011; Swedberg, 2018; 
Yin, 2018). 
Case Study 
Yin (2018) suggests that there are three steps necessary when designing a case study. 
First, one must choose between studying single or multiple cases. For this study, a single case 
design was selected. Calkins (1983) and Yin (2018) indicate that single case studies can be 
appropriate when the study design is exploratory. The second step in Yin’s (2018) design process 
is to choose if the unit of study is to be holistic or an embedded case. Based on Yin’s description, 
this study is embedded as there are two units of analysis (i.e., non-licensed pre-K teachers) 
situated in the same context of interest (i.e., lower socioeconomic community). This case study 
research best aligns with what Yin (2018) calls an embedded, single case study. The third and 




cases. The theory guiding this case study is the Preschool Mathematical Pedagogical Content 
Knowledge framework (McCray, 2008). 
A strength of the exploratory case study design is how it can rely on multiple sources of 
data to inform its findings (Creswell, 2019; Swedberg, 2018; Yin, 2018). For this dissertation 
study, data were collected from sources that included a demographic questionnaire, classroom 
observations, in-depth interviews, review of available lesson plans, each participant’s responses 
on the Mathematical Development Beliefs Survey (Platas, 2008), and the collection of 
participant’s responses to McCray’s (2008) structured interview. 
Sampling 
A funnel-like approach was used to identify childcare learning centers to participate in 
this study (Merriam & Tisdell, 2016). Once permission was granted to collect data within the 
centers, a purposive sampling strategy was used to identify teachers within the selected centers 
(Ames, Glenton, & Lewin, 2019; Leedy & Ormrod, 2010; Suen, Huang, & Lee, 2014). 
Childcare Learning Centers 
In 2018, approximately 64.7% of children aged three to five in the United States attended 
a childcare learning center at least two days per week (McFarland et al., 2018). Across 
socioeconomic demographics, the quality of childcare learning centers servicing this age group 
of children varies tremendously. Glynn (2012) found that 52.7% of families with an average 
household income under $52,999 spend approximately 49.5% of their income on childcare, 
whereas families earning over $53,001 spend about 8.6% of their income on childcare (Glynn, 
2012). In all demographics, the overall ability to afford and secure enrollment in a high-quality 
childcare center that employs certified teachers can be a challenge. Families in lower 




attend a center, not because of the quality of the centers they select. Many factors impact a 
childcare learning center’s quality rating—safety measures, caregiver credentials, time spent on 
learning activities, and externally conducted observations of process quality. 
Although the quality of a childcare learning center cannot solely impact a child’s 
kindergarten readiness, research indicates that children from lower socioeconomic households 
receive instruction in lower-quality centers that employ teachers who have less formal education 
and earned teaching credentials (Ginsburg et al., 2008). Because the purpose of this exploratory 
dissertation is to explore non-licensed pre-K teachers’ MPCK and MPCK’s influence on 
teachers’ mathematics instruction at childcare learning centers that primarily serve lower 
socioeconomic communities, it was essential to identify and select childcare learning centers that 
primarily serviced families in modest and lower-earning income brackets and employed non-
licensed pre-K teachers. This study was conducted in an urban city that is divided into 10 zip 
codes and located in the southeastern region of the United States. The city’s average family 
income was $44,978, the median income was $42,199, and the lowest average family income 
was $33,841 (U.S. Census Bureau, 2010). This dissertation targeted childcare learning centers 
located in two zip codes—the city’s lowest and modest income sectors. 
The state’s Division of Child Development and Early Education website was used to 
identify childcare learning centers in the selected two zip codes that were awarded either a Two 
Star Child Care License or a Three Star Child Care License. The state issues a Star Rated 
License based on annual evaluations that focus on program standards and staff education. At the 
time of this study, there were 46 childcare learning centers within the two targeted zip codes. 
After reviewing the Star Rated License of the 46 centers, at the time of this study, only 21 




study, selected centers had to (a) employ at least one full-time, non-licensed pre-K teacher; (b) 
operate a full-day pre-K class; and (c) approve the researcher’s requests to conduct the study. 
This identification process concluded with the possibility of recruiting non-licensed pre-K 
teachers from three childcare learning centers. 
Participants 
The selection process for participants in this study followed the purposive sampling 
technique (Ames et al., 2019; Leedy & Ormrod, 2010; Suen et al., 2014). The researcher sought 
to recruit four participants from the three different childcare learning facilities identified. Upon 
receipt of the university’s Institutional Review Board (IRB) approval, the researcher contacted 
the three centers’ owners via a phone call and a follow-up email. Two center owners approved 
the researcher to begin recruitment. However, the third center was no longer in operation. 
Between the two centers, there were three potential participants. However, soon after the initial 
recruitment meeting, one teacher became ineligible to continue due to staff changes within her 
center. The remaining two non-licensed pre-K teachers consented to participate in this case 
study. 
The two African American non-licensed pre-K teachers held the same position in the two 
childcare learning centers. The teachers performed similar duties and reported directly to each 
center’s director. Each teacher (a) was over the age of 40; (b) had at least a high school diploma; 
(c) had a minimum of 15 years working in an early childcare center; (d) was employed as a full-
time lead pre-K teacher; and (e) had an annual household income between $21,000 and $35,000. 
The justification for using a small sample size is supported, as Creswell (2013) notes, “typically  




relating to pre-K specific early childhood mathematics only studied between one and four cases 
(Ginsburg & Amit, 2008; J. S. Lee & Ginsburg, 2007a; J. E. Lee, 2014). 
Further justification for the use of two pre-K teachers is supported by from Yin (2018), 
who posits that a larger number of participants does not always correlate to a better 
representation of the selected case. Furthermore, Yin (2018) states that embedded single study 
design is better than a holistic single case study as “your chances of doing a good study will be 
better” (p. 53) and more robust. For this study, the two embedded units were sufficient to address 
the research questions. They strengthened the overall findings relating to non-licensed pre-K 
teachers’ MPCK and its influence on their mathematics instruction. 
Data Collection Methods and Procedures 
The concept of methods, in general, refers to the appropriate use of techniques of data 
collection and analysis (Prasad, 2017). Stake (2014) and Yin (2016) state that the robustness of a 
case study’s findings resides in the careful collection of data from multiple sources of evidence 
such that triangulation can occur. Triangulation is a means of data corroboration and is crucial to 
building credibility in a case study (Flick, 2008; Leech & Onwuegbuzie, 2007; Stake, 2014; Yin, 
2016). The use of data triangulation can provide the researcher with a sense of confidence in the 
study’s findings as the results reflect the participants’ understandings as accurately as possible 
(Bowen, 2005). Due to the scope of this dissertation study, the primary sources of data were 
observations, interviews, and results from the Mathematical Development Beliefs Survey (Platas, 
2008). 
Classroom Observations 
Merriam and Tisdell (2016) identified observational data as the rawest firsthand account 




detailed imagery of the case. Conducting observations provided the opportunity to verify if the 
participants’ verbal thoughts mirrored their classroom actions (Merriam & Tisdell, 2016). 
This exploratory case study included three separate classroom observations of two non-
licensed pre-K teachers. The observations were spaced over 8 weeks, and each teacher was 
observed for 4 weeks without overlap. Each observation lasted 4-5 hours. The first and third 
observations occurred during the morning half of the day, and the second observation occurred 
during the afternoon half of the day. Classroom observations were scheduled in advance with 
each teacher when they agreed and consented to participate in this dissertation study. During the 
first interview, the researcher reviewed the consent form, discussed any questions about the 
study the teachers had, and provided the teacher with a copy of their signed consent form (see 
Appendix C). During classroom observations, the researcher was a non-participant observer 
(Creswell, 2013). 
A researcher-developed observation form was used as a guide. The observation form was 
used to capture observation data by tracking the frequency with which activities occurred, 
descriptions of the teacher’s engagement and activities during whole-group, small-group, and 
free play. The observation form was built on elements of Ritchie et al.’s (2010) Emerging 
Academics Snapshot and was designed to identify teacher interactions with mathematics. The 
observation form was created, as many of the early childhood education observation protocols 
only address overall classroom quality and are not content-specific. The observation form 
supported the collection of robust data necessary for capturing classroom mathematics 
instruction in ways that supported a thorough interrogation of the research questions. 




to capture instances worth noticing that fell outside the scope of the observation form, such as 
personal reflections and the time spent on specific interactions (see Appendix D). 
Interviews 
Three interviews, two semi-structured and one structured, took place with each lasting 
approximately 20 minutes. Interviews should be intentional and intended to gather in-depth 
knowledge of a participant’s varied and complex experiences as they relate to the case (Seidman, 
2019; Villa, 2017). In this dissertation, interviews provided vital information as the teacher 
participants had the opportunity to share their perceptions, or as Stake (2014) describes, their 
reality of mathematics instruction (see Appendix E). The process of interviewing aligned with 
Seidman’s (2019) three-step interview format. Three interviews were deemed suitable. Interview 
one collected information about each participant’s prior knowledge, which included details 
relating to their personal experience with mathematics, their mathematics beliefs, and general 
teaching experiences. Interview two focused on mathematics instruction and the teachers’ work 
in pre-K classrooms. This included discussing each participant’s understanding of mathematics 
for pre-K and their current mathematics instruction. In Seidman’s (2019) design, interview three 
focuses on gaining insight into the participants’ perceived meaning of the phenomenon; in this 
study, non-licensed pre-K teachers’ MPCK. The administration of a structured interview, the 
Preschool Mathematical Pedagogical Content Knowledge Interview (McCray, 2008), allows the 
researcher to gain insight into the teachers’ MPCK (see Appendix A). 
Additionally, Mason (2010) acknowledges that doing what is stated in the proposal is a 
valid reason for conducting a specific number of interviews. In this study, three interviews were 
deemed appropriate by the researcher as no new information was extracted in response to the 




less than the anticipated time. Approximately 4-5 of those minutes consisted of wait time and the 
use of conversation fillers such as “uhm” or “let me think for a moment.” Catie’s interviews 
were completed in approximately 25 minutes, which was over the anticipated interview time. A 
large part of Catie’s knowledge was grounded around mathematics instruction that was taught 
based on lessons from a curriculum guide. 
The two non-licensed pre-K teachers were interviewed directly after each classroom 
observation. During interviews two and three, the pre-K teacher teachers were asked clarifying 
questions requesting elaboration on specific interactions observed during the previous 
observation. Interviews followed observations to avoid teacher deviations in their planned 
instruction in efforts to make their delivery of instruction more mathematically rich. Conducting 
the interviews immediately after observations worked well for both teachers. For the morning 
observations, interviews were conducted immediately following the observations. For the 
afternoon observations, the center director or an assistant was available to support dismissal and 
the evening snack. 
All interviews were audio-recorded and transcribed by a professional transcription 
service. Interview transcriptions were presented to teachers at follow-up interviews as a form of 
member-checking (Merriam & Tisdell, 2016). The interviews proved to be vital sources of data, 
as they allowed the teacher participants to share their perceptions and realities of the 
mathematics instruction that occurred in their classroom as well as their understanding of 
elements of MPCK (Stake, 2014). The combination of teacher interviews following classroom 
observations was complementary as they provided the opportunity for the researcher to ask 
clarifying questions and gain an understanding of the observations that might otherwise not have 




Questionnaires, Documents, and Instruments 
 Other data were collected to support efforts to respond to the research question. These 
data included a demographic questionnaire, lesson plans, and responses to two validated 
instruments—the Mathematical Development Beliefs Survey (Platas, 2008) and the Preschool 
Mathematical Pedagogical Content Knowledge Interview (McCray, 2008). Descriptions of these 
data are presented below in the order in which they were collected. 
The demographic survey. A demographic questionnaire is often used in qualitative 
studies to gather information about study participants (Patton, 2014). The questionnaire gathered 
general demographic information relating to participants’ age, identity, years of teaching 
experience, and their annual household income. The results of the questionnaire provide insight 
into the lives and education of each participant. Both pre-K teachers completed 10 questions 
during the recruitment meeting (see Appendix F). 
 Documents. The documents collected included teacher lesson plans and curriculum 
documents relating to mathematics. The available documents between the two participants were 
limited. During the recruitment meeting, a request was made for all participants to provide their 
lesson plans for the 2 months before their first observation. Additionally, weekly lesson plans 
during the 4-week observational period were requested. Lesson plans and additional data sources 
were reviewed and used to corroborate and augment the data from other sources (Yin, 2016). 
Reviewing weekly lesson plans allowed the researcher to identify where differences 
occurred between planned activities and actual instruction. Reviewing lesson plans allowed the 
researcher to alter and modify follow-up interview questions and to look for specific areas of 




The Mathematical Development Beliefs Survey. The Mathematical Development 
Beliefs Survey (Platas, 2008) examines four interrelated domains, with each area containing 10 
statements. A Likert scale consisting of five possible responses ranging from “strongly agree” to 
“strongly disagree” was requested for each statement by the respondent. Participants were given 
this beliefs survey at the end of the second interview and returned the completed survey during 
the third interview. The four domains of beliefs and a statement from each follow: (a) age-
appropriateness: “Children this age aren’t old enough or mature enough to understand any math 
concepts”; (b) locus of generation (i.e., understanding whose responsibility it is for mathematics 
learning): “If I don’t give them a lot of math activities and help them do it correctly, they won’t 
learn any math”; (c) purpose of preschool: “Preschool is primarily a time to play and learn how 
to get along”; and (d) participant’s comfort with mathematics instruction: “The children love 
math and I love thinking up new activities that they can do” (Platas, 2008, pp. 163–165; see 
Appendix B). 
The Preschool Mathematical Pedagogical Content Knowledge Interview. The 
Preschool Mathematical Pedagogical Content Knowledge Interview (McCray, 2008) is a 
standardized, quantitatively scored interview protocol (see Appendix A). However, for this 
study, participants’ responses were also coded using a qualitative approach. As stated previously 
in the interview section, this instrument is a structured interview that was administered after the 
third observation. This instrument includes real-world situations that address many preschool 
mathematics and processes. Key elements include patterns, one-to-one correspondence, problem-
solving, spatial sense, and sorting by attributes. Participants were asked to think about each 




collective responses from the participants within these scenarios relate to each component of 
McCray’s (2008) MPCK framework (see framework). 
Research Steps 
The researcher followed a set protocol to ensure that data collection was consistent and 
aligned with the study’s goals (see Appendix G): 
1. Participants were invited to participate in the study. 
2. Participants completed the demographic questionnaire. 
3. Classroom observation one was conducted. 
4. Semi-structured interview one was conducted (when applicable, lesson plans 
collected). 
5. Audio recordings of interviews were reviewed and submitted for transcription. 
6. Data analysis began. 
7. Classroom observation two was conducted. 
8. Semi-structured interview two was conducted. 
9. Participants reviewed the transcript from the interview one for member-
checking. 
10. Participants were asked to complete the Mathematical Development Beliefs 
Survey (Platas, 2008). 
11. Audio-recording of Interview 2 was reviewed and submitted for transcription. 
12. Data analysis continued. 
13. Classroom observation three was conducted. 




15. Participants were administered the Preschool Mathematical Pedagogical 
Content Knowledge Interview (McCray, 2008). 
16. The researcher continuously engaged in data analysis and coding of the data 
for emerging themes (Miles et al., 2014). 
17. Transcript of the interview three was provided to the participants for review. 
18. The audit trail analysis was documented to ensure verifiable research steps 
throughout the process. 
Data Analysis 
In order to ensure the management and safety of the data, all data were organized 
chronologically into an Excel workbook. The data analysis of this exploratory case study 
incorporated collecting and analyzing the data simultaneously and throughout the collection 
process (Creswell, 2019; Merriam & Tisdell, 2016). Data analysis began after the first day of 
observations and interviews. All audio recorded data were transcribed. During the initial coding 
cycle, all audio recorded data were coded using the key-word-in-context analysis approach 
(Leech & Onwuegbuzie, 2007; Ryan & Bernard, 2003). Several cycles of review occurred as the 
researcher replayed audio-recording and read through the transcripts. Keywords were highlighted 
within the transcripts. Key phrases were extracted and placed in a new tab within the Excel 
workbook. Keywords were defined based on the context of the words surrounding them, a 
suggested by Ryan and Bernard (2003). The emerging themes were sorted as phrases and were 







Figure 4. First cycle coding categories. 
 
In the second round of coding, the analysis method of word repetitions (Leech & 
Onwuegbuzie, 2007; Ryan & Bernard, 2003) was used. This analysis was based on the Excel 
worksheet created in the first cycle coding stage. Repeated words were extracted from 
observation notes, documented engagements during observations, and interview transcripts. 
Keywords were highlighted by participants and related to the NCTM (2006) strands, how 
teachers planned for mathematics instruction, and how the teachers engaged with students during 
mathematics instruction. The words counted as repetition included interview transcripts, 
utterances collected on the observation collection tool, and notes made by the researcher. The 
second and third rows of Figure 5 indicate the repeated words used by the teacher participants 
during the second round of coding. The repeated words supported the extraction of the emerging 
themes that are presented in Chapter IV. Repeated words and phrases were counted to support 
the analysis method of word count to support the use of frequency results. 
 




Analysis of responses for the Mathematical Development Beliefs Survey (Platas, 2008) 
occurred using the coding guide that was provided by its author, and the Preschool Mathematical 
Pedagogical Content Knowledge Interview (McCray, 2008) was coded using the provided 
coding guide by the author as well as key-words-in-context and word repetitions (Leech & 
Onwuegbuzie, 2007; Ryan & Bernard, 2003). 
Credibility, Dependability, and Triangulation 
Trustworthiness is crucial to the integrity of qualitative research. Qualitative studies 
require that the researcher take an active role in the collection and interpretation of data, which 
consists of the perceptions and experiences of others. The qualitative researcher must be rational 
and trustworthy. To increase the trustworthiness of this dissertation study’s findings, the 
researcher used several strategies. To decrease threats to this dissertation’s credibility, the 
researcher used the methodological approach of data triangulation (Lincoln & Guba, 1985; 
Merriam & Tisdell, 2016; Stake, 2014; Yin, 2016). Member checking was another strategy 
utilized in this dissertation study (Merriam & Tisdell, 2016). Additionally, the researcher 
provided an audit trail. The trail provided a detailed explanation of the data collection and 
analysis methods that were used throughout the study (Lincoln & Guba, 1985). Finally, the 
results of this dissertation were presented by providing meaningful emergent themes that will 
enable future researchers to make decisions about transferability and designs for future research 
(Stake, 2014). 
Limitations 
Both qualitative and quantitative research designs have potential limitations (Merriam & 
Tisdell, 2016). In the case of qualitative research, examining the limitations of the study help to 




approach is often attributed to the role of the researcher. When using a qualitative design, the 
researcher is considered as a human instrument (Denzin & Lincoln, 2013). This means that the 
researcher primarily collects data and is responsible for analysis based on their training in 
observation and interviewing. In this dissertation, the researcher was cognizant of her biases and 
tried to preserve the credibility, consistency, and transferability of the study to minimize this 
limitation (Merriam & Tisdell, 2016). Although biases can never be avoided entirely, the 
researcher attempted to reduce them by collecting multiple sources of evidence to triangulate the 
data collected (Denzin & Lincoln, 2013). 
 Merriam and Tisdell (2016) suggest a purposive sampling strategy be put in place before 
data collection begins. The purposive sampling strategy can often be considered useful for 
novice researchers (Flick, 2008; Leech & Onwuegbuzie, 2007), but can also be a recognized 
limitation due to the possibility of exploring a highly homogenous set of participants (Ames et 
al., 2019; Edmonds & Kennedy, 2012; Suen et al., 2014). Next, teacher participants scheduled 
the days and times during which observations and interviews occurred. Therefore, knowing the 
researcher was visiting may have impacted the way each participant planned and worked within 
their classrooms. Thus, they may have inserted mathematics-related activities for that specific 
reason. Additionally, data collection occurred over 8 weeks, and observations were conducted in 
only two classrooms. In the future, it may be beneficial to collect data over a longer timeframe 






RESULTS AND FINDINGS 
The purpose of this study was to explore non-licensed prekindergarten (pre-K) teachers’ 
mathematics pedagogical content knowledge (MPCK) and MPCK’s influence on teachers’ 
mathematics instruction at childcare learning centers that primarily serve lower socioeconomic 
communities. In this chapter, the results and findings from the study are presented in an 
exploratory case study, and the guiding research questions are addressed. 
Chapter IV is divided into two sections. First, an introduction to each participant is 
presented. The second section presents the study’s results and the findings that emerged from the 
data analysis. Four themes came out of the analyses from this study, and they were used to 
organize the case presentation. Mathematics instruction is related to Theme 1: teacher beliefs and 
Theme 2: available resources; Theme 3: pre-K mathematics is primarily number sense 
development, and Theme 4: mathematics instruction occurs in free-play during center time. After 
the results are presented, research questions are addressed. 
Study Participants 
Two non-licensed pre-K teachers who worked at two different childcare learning centers 
were identified and agreed to participate in this study. Both learning centers were located within 
lower socioeconomic communities. This introduction provides a foundation for understanding 
who the participants are and a little about their perceptions of themselves as pre-K mathematics 
teachers. Participant 1 is Regina at Childcare AKAdemy, and Participant 2 is Catie at the 





Regina is a 48-year-old African American woman. She is a non-licensed pre-K teacher at 
Childcare AKAdemy and has been working in an early childhood environment for over 16 years. 
Her background parallels her students, as she was born, raised, and currently lives in the same 
zip code as the childcare learning center where she works. The childcare center is in the city’s 
zip code with the lowest average family income of $33,841 (U.S. Census Bureau, 2010). Regina 
is working on completing an Associate’s degree in early childhood development. 
During the initial recruitment meeting, after sharing the purpose of the study, Regina 
immediately gave a nervous chuckle, a quick head shake, and declared, “I was not good at math 
when I was young, but I know numbers are important.” Since Regina did not consider herself a 
mathematics teacher, she was slightly apprehensive and questioned if she was an appropriate 
person to study. As she signed the consent form, she confidently said, “I do think knowing math 
and numbers are important.” Despite this initial declaration by Regina, her responses on the belief 
survey (Platas, 2008) help us to understand more about her perceptions about herself and her 
mathematics instructional practice. This idea about beliefs is discussed further in theme one. 
Regina’s classroom was compact but organized. The room was designed around three 
multi-use tables arranged to form a U-shape in the center of the room. Whole group instruction 
took place inside the area of the tables. The tables were multi-purposed to serve as center work 
areas and for meals. Throughout the classroom, there were specific mathematics-focused 
resources on shelves and in storage bins labeled to describe the contents, such as blocks, puzzles, 
and counting materials. These instructional materials were used during center time at the tables. 
There were also visible centers situated around the perimeter of the room, including domestic 




classroom schedule consisted of dedicated time for snacks and meals, whole group learning, free 
play centers, and recess. On the walls were laminated posters that displayed numbers one through 
ten, colors, and shapes as well as a modestly sized (i.e., large enough for kids to see when seated) 
monthly calendar that supported calendar routines related to number sense development. 
Catie 
Catie is a 58-year-old African American non-licensed pre-K teacher at the Learning and 
Leading Center. She has worked as an early childhood teacher for over 25 years. Catie was born 
and raised in a modest-income community, very similar to the current community where she 
teaches. The center was located in the city’s zip code with a modest median family income of 
$42,199 (U.S. Census Bureau, 2010). Catie has earned an Associate’s degree that is not related to 
early childhood education or teaching. Currently, Catie is pursuing a bachelor’s degree in 
teaching young children, birth to kindergarten. 
During the initial recruitment meeting, Catie shared that mathematics was not one of her 
favorite subjects. As she signed her consent form, she shared, “I know I didn’t learn mathematics 
the way it’s taught now, but I’m always eager to learn more to use in my class, so please share 
any suggestions and feedback.” She did not exhibit any concerns about becoming a participant. 
Before leaving the recruitment meeting, she shared, “I will never forget the meaning of Please 
Excuse My Dear Aunt Sally.” This saying is a common mnemonic device for recalling the order 
of operations in many U.S. mathematics classrooms. Although Catie did not see herself as a 
mathematics teacher, she believes that the earlier children begin learning mathematics, the 





Catie’s classroom was large and visually separated; upon entering the classroom, one 
could see well-defined, segregated, and labeled spaces, including spaces for dramatic play, block 
building, music and movement, computer, manipulatives and games, science, and discovery, 
reading, and an art center with sand and water, as well as a time out area. The utilization of the 
spaces was very clear without explanation from Catie. There were many instructional resources 
within the room for Catie and the children to use. Catie posted artifacts from previous 
mathematics activities around the room, including charts and graphs that depicted students’ 
favorite fruit, the number of letters in their names, and ages as well as daily attendance records. 
There was also a large colorful carpet positioned in the center of the classroom that was used as a 
multi-functional resource and contained shapes of different colors and sizes, number words, 
numerals, and the alphabet. The whole group carpet area was the primary location where 
mathematics instruction was seen during observations. 
Results by Themes 
The themes that influenced Regina’s and Catie’s mathematics instruction included: 
Theme 1 – Teacher beliefs; 
Theme 2 – Access to resources; 
Theme 3 – Pre-K mathematics is primarily number sense development; and 
Theme 4 – Mathematics instruction occurs in free play 
Theme 1: Teacher Beliefs 
Regina and Catie shared similar beliefs about pre-K mathematics and the content 
appropriate for early childhood mathematics, but they varied significantly in their design and 
delivery of mathematics instruction. The Mathematical Development Beliefs Survey (Platas, 




classroom (see Appendix B). The results from this survey combined with analyses of the teacher 
interviews and classroom observations supported the development of the first theme, teacher 
beliefs. The results of this theme support the findings associated with the research questions. 
The Mathematical Development Beliefs Survey contains 40 belief statements relating to 
early childhood mathematics teaching and learning. Using a 6-point Likert scale that consists of 
responses ranging from “strongly agree” to “strongly disagree” teachers select their beliefs 
towards each statement. The four domains of beliefs are (a) age-appropriateness of mathematics 
instruction for young students, (b) who is responsible for mathematics learning within an early 
learning environment, (c) purpose of preschool, and (d) comfort with mathematics content and 
pedagogy.  
Using Platas’s (2008) coding guide, scores were generated that described Regina’s and 
Catie’s beliefs about pre-K mathematics teaching and learning within a childcare learning 
center that primarily serves lower socioeconomic communities. Some items were reverse 
coded, and all items associated with each subscale were added together then divided by the 
number of items in the scale to compute a rating for each subscale, domain. The maximum 
score for each domain is 50 points making the highest possible collective score 200. To discuss 
the results, Table 1 displays the individual subscale scores for each participant, along with the 
median of the two scores. The highest subscales for both pre-K teachers were domain (a) belief 
that preschool students are capable of learning mathematics and mathematics can be taught 
using age and developmentally appropriate instructional methods, and domain (d) the teachers’ 
comfort with providing age and developmentally appropriate resources for young students to 

















Domain (A): Age-Appropriateness of Math as a 
Preschool Subject. High Score = Math is Age 
Appropriate  
50 49 49.5 
Domain (D): Teacher Comfort with Classroom 
Support of Mathematical Development. High Score 
is Very Comfortable with Classroom Support of 
Mathematical Development 
50 49 49.5 
Domain (B): Classroom Locus of Generation of 
Mathematical Knowledge 
High Score is Teacher as the locus  
45 39 42 
Domain (C): Primary Classroom Goals: Social and 
Emotional vs. Mathematical Development High 
Score is Mathematical Development More Important  
33 40 36.5 
Total Beliefs Score 178 177 177.5 
 
Although both pre-K teachers’ total belief scores were very similar (M = 177.5), their 
scores differed most significantly about their beliefs in the purpose of pre-K, domain (c) the 
primary classroom goal: Social and Emotional vs. Mathematical Development. This domain 
summarizes the teachers’ belief as it relates to the priority placed on mathematics instruction 
versus social and emotional development. Regina’s belief that social and emotional development 
is more important than mathematics development is evidenced by her low sub-scale score 
compared to Catie’s higher score, which suggests that Catie prioritizes mathematics 
development; other data collected for this study provide evidence that confirms this difference 
between these two pre-K teacher’s beliefs within domain (c). 
During Interview 1, Regina shared the purpose of pre-K was to “teach students the 




This belief aligned with her score on the Mathematical Development Beliefs Survey for domain 
(c) of the survey. Regina’s belief survey and interview responses also matched the interactions 
observed during classroom observations. These findings align with previous research, which 
posits that teachers of young students believe social skill development should take precedence 
over academics (Abry, Latham, Bassok, & LoCasale-Crouch, 2015). On the other hand, Catie 
identified the purpose of pre-K is a combination of social-emotional development and academics 
that change throughout the school year. Like Regina, this finding was confirmed by interview 
and observation data. To Catie, the purpose of pre-K varied: 
it depends on each child’s needs. I strive to balance support for them evenly. However, I 
have to be observant and pay attention to the kids to know what they need most of at any 
given time. Like when student N. comes in late, I know most likely his mom didn’t stay 
home last night and that’s why his grandma brought him late. Knowing personal 
information about my students helps me know if they need to be pushed academically at 
the moment or need support with coping skills. When student N. comes in like this, he 
needs a hug and a bit of down time to compose himself. We’ve practiced this, and once 
he is ready, he joins the group. At that time, I expect his full attention as his emotional 
needs have been taken care of for the moment. This is just a simple example, as it just 
happened today, but I have to help balance the two [social emotional development and 
academic development] as they are still learning how to engage with their peers and to 
navigate life away from their parents. (Catie, personal communication, November 7, 
2018) 
 
Both Regina’s and Catie’s belief score for domain (c) was confirmed with other data collected 
during this study. 
Regina perceived that she was capable and confident in her ability to plan and deliver 
meaningful, developmentally appropriate mathematics instruction. Conversely, Catie’s 
calculated score for the same domain (b) suggests that she perceived being less confident in her 
ability to plan and deliver developmentally appropriate instruction (see Table 1). Let us consider 
Regina first. Question 14 in the beliefs survey states, “I am unsure how to support math 




statement. Question 18 states “teachers can help preschoolers learn mathematics” (Platas, 2008, 
p. 1). Regina strongly agreed with this statement. These responses contributed to Regina’s high 
score for domain (b). However, there were other data from this study that did not support her 
self-reported confidence to plan and deliver mathematics instruction as found by the 
Mathematical Development Beliefs Survey (Platas, 2008). For example, during the three 
observations, she never engaged in explicit mathematics instruction with children to teach 
specific skills or objectives. However, she did work with children to develop numbers sense 
through memorization. Catie’s data was more consistent and did not show the same types of 
discrepancies as described for Regina. 
Summary of Theme 1. A teacher’s beliefs about mathematics relate to their ability to 
plan and deliver mathematics instruction. Both teachers strongly believed that young students 
can engage in developmentally appropriate and meaningful mathematics instruction. Per the 
Mathematical Development Beliefs Survey (Platas, 2008), Regina strongly believed she was 
capable of delivering mathematics instruction that is age-appropriate and necessary for preschool 
mathematics. Catie’s responses to the Mathematical Development Beliefs Survey (Platas, 2008) 
indicated she believes mathematics instruction is age-appropriate for young children and should 
be taught in pre-K settings. Although Catie has access to a mathematics curriculum, and this 
resource influenced her design and implementation of mathematics instruction, her confidence 
level on the beliefs survey was lower than Regina’s. 
Theme 2: Access to Resources 
One key difference between Regina’s and Catie’s mathematics instruction was the 
availability of curriculum to support mathematics instruction. The results for theme two emerged 




Learning, 2007), and a review of available lesson plans. Regina and Catie were asked if they 
used a curriculum. Both teachers replied “no,” and shared they did not know the meaning of the 
word. Both teachers were informed that a curriculum or an instructional resource could be 
anything they used to help them know what, how, and why they teach mathematics. Regina 
disclosed, 
I don’t have any of that [curriculum or teaching resources], but I do think teaching math 
is important. Sometimes I write out a lesson plan. My director would like for me to do 
them weekly, but I get busy and don’t have time. Then, sometimes, I think writing them 
is a waste of time. I post them on the parent wall. The principles I follow to teach what I 
think they need is, whatever I can do with numbers. You know, blocks, little games with 
the dice - we roll them, and they count them. Shapes are important too, colors, reading 
numbers on a pretend telephone in the domestic living center, and making numbers out of 
playdoh. (Regina, personal communication, September 28, 2018) 
 
This interview comment was confirmed by other responses Regina provided for the 
Mathematical Development Beliefs Survey (Platas, 2008). Regina did not offer detailed lesson 
plans for this study, but as the interview continued, she shared that on occasions, “I have a great 
idea and I make note of it so I remember, and post them.” Regina posted these notes and made 
them available for her director and parents to know what her intended learning goals were (see 
Appendix H). She used such notes to guide her instruction; these posted notes were her approach 
for lesson planning. In addition to the notes, Regina’s guidance in selecting learning objectives 
was based on what she felt was important. Based on observations, Regina used teacher-made 
resources to bring to life the ideas listed in her notes. In whole group, Regina used her handmade 
number and shape flashcards that were strung together with a binder ring. The use of teacher-
made resources did not appear to hinder her students from participating in her lessons. The 
cogent points of limited resources influencing Regina’s instruction include (a) what was taught 




making appropriate resources and materials for teaching mathematics about which she 
conceptualized and wrote notes. 
During the first observation, Catie frequently referred to a document as she transitioned 
throughout the day. The document she referenced was her weekly lesson plan. Although Catie 
was not familiar with the word curriculum, she did create lesson plans. Once she shared the 
document, the template allowed Catie to map out her daily activities in broad terms, to identify 
books for story times, special activities and visitors, and the embedded focus skills for each 
center. In the area of whole-group activities, she included the skills and concepts that were 
addressed each day. The sections included the song of the day, the color of the week, the shape 
of the week, an alternating mathematics and science activity, and the beginning sound of the 
week, as well as the theme. Although the lesson plan accounted for mathematics, it did not 
always focus on a specific mathematics strand, such as number and operations or algebra. Catie 
explained how she decided what to teach, “I use this theme book to help me fill out my lesson 
plan sheet.” What Catie called her theme book, was the Passports curriculum guide (HighReach 
Learning, 2007). Catie provided copies of her lesson plans for the two weeks before the first 
observation and shared the Passport book. During the interview, Catie confessed, 
I didn’t know there was so much to teaching mathematics until I started using this 
guide. Having the theme book helps me add more math within my day, as a lot of what 
the theme book says I can do that is related to math, I would not even think about as 
math. It’s exciting at times as my kids enjoy the activities that I would have never 
planned for with this guide or if I did, I would not have considered it math work. When 
I think about math, there are a lot of different ways to do it. When I was doing it on my 
own [planning for mathematics instruction], I just thought you can incorporate math 
when you are working with numbers, I was really afraid that I wouldn’t be able to do a 
lesson plan. But when I got the book and really started to use it, it’s pretty easy and fun. 
(Catie, personal communication, October 30, 2018) 
 
With the support of the curriculum guide, Catie created and submitted weekly lesson 




guide for planning to implement developmentally appropriate mathematics instruction in 
sequential order. Each week, Catie selected from the pre-planned mini-lessons and center ideas 
that supported the multi-week themes. The lessons provided authentic learning experiences that 
integrated concepts across subjects. 
Summary of Theme 2. A key difference between Regina’s and Catie’s delivery of 
mathematics instruction was the availability of resources. Resources are tools teachers can use to 
plan strategically for intentional mathematics instruction throughout the day. Access to such 
resources typically allows teachers to plan effective mathematics activities that help students 
make sense of new concepts. Children learn best when they can construct new concepts based on 
their prior knowledge (Copple & Bredekamp, 2009). In this study, the instructional resources 
available to Catie were different from Regina’s. In this study, Catie’s access to the Passport 
curriculum and instructional materials enabled Catie to deliver more rigorous and effective 
mathematics instruction compared to Regina, whose mathematics instruction was reliant on 
limited access to resources. 
Catie had access to the Passports curriculum guide and many commercially produced 
learning resources designed for young learners. These resources guided her ability to design and 
implement more effective mathematics instruction, even when she did not perceive herself to be 
an effective mathematics teacher. Catie had time to focus on modifying lessons from the 
curriculum guide to differentiate instructional delivery based on student needs instead of having 
to create materials from scratch. While Regina had to think about what mathematics to teach, 
create the needed resources for teaching, and then conceptualize an approach for engaging her 




intuition to provide mathematics instruction based on her belief that mathematics should be 
taught in pre-K and her perceived knowledge on the importance of teaching about “numbers.” 
Regina’s limited access to a published curriculum or commercially produced instructional 
resources posed a significant barrier for planning and delivering effective and developmentally 
appropriate mathematics instruction. If Catie did not have access to these types of resources, her 
planning and delivery of mathematics instruction would likely have been more similar to 
Regina’s, whereas if Regina had access to similar resources as Catie, it is likely that her 
mathematics instruction would have been free of the previously mentioned barriers, and her 
perceptions about early child mathematics would likely expand beyond number sense 
development. 
In the next theme, information relating to the mathematics concepts each teacher taught is 
discussed. In this section, the reader will see that the frequency with which Catie used 
mathematics language and utterances of mathematics throughout the observations far exceeded 
the frequency with which mathematics language was heard in Regina’s classroom. The 
availability of the published curriculum may account, in part, for this difference. Catie’s use of 
thematic teaching as designed in the Passports guide allowed for her to combine students’ 
interests with intended academic goals while infusing mathematics throughout the day (Copley, 
2010). This level of intentional integration was not apparent in Regina’s classroom, but she had 
limited access to resources. 
Theme 3: Pre-K Mathematics is Primarily Number Sense Development 
Pre-K teachers must possess enough mathematics content knowledge to plan 
developmentally appropriate instruction. Current research supports that many pre-K teachers 




2002). The NCTM (2006) indicates there are five mathematics strands that build upon each other 
from grades pre-K to 12. The strands are number and operations; algebra; geometry; 
measurement; and data analysis and probability. Of the strands, number and operations is highly 
emphasized in early childhood mathematics (C. T. Cross et al., 2009; NAEYC, 2009; NAEYC & 
NCTM, 2010; NCTM, 2006; National Research Council, 2001). Both teachers provided the most 
instruction within the strand of number and operations. 
For number and operations, there are three components within the strand, which include 
number, operations, and computation development (NCTM, 2006). However, Regina and Catie 
rarely engaged in mathematics instruction that addressed objectives associated with operations, 
computation, or go in-depth within number sense development. In the present study, number 
sense development focused on rote and rational counting to 30, one-to-one correspondence, and 
quantifying sets. Based on the data collected, Regina’s and Catie’s mathematics instruction 
aligned with current research which states that number sense development is vital in pre-K 
(Charlesworth, 2005; Ginsburg et al., 2008; Linder et al., 2011; McClure et al., 2017; Taylor-
Cox, 2016). Between Regina and Catie, there were 307 uses of mathematics or utterances about 
mathematics made during interviews and observations. Data reveals that 71% (218) of those 
utterances and documented actions during observations related to the mathematics strand number 







Frequency of References to Mathematics Content During Observations and Interviews 
 
Summary of Findings Related to Regina’s and 





Number and Operations  218 (71) 
Measurement  22 (7.17) 
Geometry  13 (4.23) 
Algebra  27 (8.79) 
Data Analysis and Probability  27 (8.79) 
Total  307 (100) 
 
Regina and Catie worked heavily on number sense development during the morning 
whole-group learning time as it related to student daily attendance. During this instructional 
time, there were several instances of the students reciting memorized material such as rote 
counting, skip counting by 5s and 10s, and reciting the days of the week and months of the year; 
providing opportunities for students to engage in these forms of mathematics strongly aligned 
with both teachers’ responses to Question 25 on the Mathematical Development Beliefs Survey 
(Platas, 2008). Question 25 from the beliefs survey focused on the teacher as the locus of 
generation of mathematical knowledge and how each teacher agreed or disagreed that they 
should help their students memorize number facts. Daily attendance, consisted of counting how 
many students were present and absent. Examples of these activities engaged the students by 
allowing them to use pointers to help determine how many students were present and how many 
were absent. Catie frequently asked more questions and prompted the students to use pictures of 
classmates to check their answers by making a simple “T” chart that represents present and 




one correspondence to review their answers by having a student use the pointer to carefully 
touch and count the pictures of the students on the left side of the board. Catie would remind the 
students “you only move to the next number once you touch the picture with the pointer and you 
should not say another number until you touch the next picture” (Catie, personal communication, 
October 30, 2018). In addition to extending the activities, Catie consistently gave feedback and 
provided guidance when students struggled in these number sense development activities. Catie 
often went to the board to reiterate the work that was completed by a student to double-check 
and make sure the students’ work was accurate. Catie’s use of the curriculum guide assisted in 
her planning and implementation of mathematics activities such as these. 
Responses given during the Preschool Mathematics Pedagogical Content Knowledge 
Interview (McCray, 2008) also supported how Catie could showcase her understanding of 
number sense, which appeared to be more in-depth when compared to Regina. Regina was more 
confident in her abilities compared to Catie. However, Catie earned more points throughout the 
Preschool Mathematics Pedagogical Content Knowledge Interview (McCray, 2008). Using 
McCray’s scoring guide, for Scenario 1, Regina’s collective level of MPCK was 26 points out of 
63 (41.3%), while Catie’s was 46 points out of 63 (73%). Teachers were asked, “Where do you 
see any math in this play?” (McCray, 2008, p. 3). Catie’s initial response and elaborations were 
specific and focused on number sense: 
The students needed to use the shoeboxes as cribs, but only had enough shoeboxes for 
some of the babies. The students did use the shoeboxes, but still needed more cribs. 
Therefore, the children picked up the two babies with hair and said that those babies 
didn't need to nap because they were the oldest babies. They believed the little babies (the 
ones with no hair) needed to nap in the cribs. So they had enough cribs to settle the 
“babies” down for naptime. As they prepared to settle the babies, they noticed the size of 
the babies and the shoe boxes differed. Therefore, they realized the biggest baby should 





This was like a “take-away” problem, you had three babies and took away two away. To 
extend number sense practice, I could remind them that they had three babies, and they 
put two of them aside, so my question to my students would be, “how many babies are 
left? or Look at the babies, how many babies have a lot of hair? How many babies do you 
have that have no hair? (Catie, personal communication, November 14, 2018) 
 
This response was given without any prompting. Where Regina’s first response when asked the 
same question was, 
This is a funny scenario to think about. When I look at them [the students in the scenario] 
playing, naturally, I don't see any math. But since you are asking about math in this story, 
and your study is on math, I know there is some math in the situation. So, in general, if 
you're not focused, like me, you wouldn’t see anything except for kids playing. Let’s see, 
there are babies. Knowing how many babies are there is an example of counting. (Regina, 
personal communication, October 18, 2018) 
 
Throughout this dissertation study, Catie consistently gave more specific responses, while 
Regina needed more prompting to the same questions. 
Summary of Theme 3. Within the strands, pre-K teachers possess the most perceived 
knowledge and confidence in teaching about number sense development (Hachey, 2013; J. Lee, 
2010). Even though pre-K teachers are most familiar with the number and operations strand, they 
still need more in-depth awareness of what the complete strand entails. Catie randomly worked 
with numbers during recess by engaging students in the outside sand center. Although they 
engaged with mathematics frequently, it was primarily related to consistently developing an 
awareness of numbers.  
Theme 4: Mathematics Instruction Occurs in Free-Play 
The teachers in this study used various methods to teach mathematics to promote 
learning. However, in Regina’s beliefs survey (Platas, 2008), she states, “in preschool, children 
construct their mathematical knowledge without the help of a teacher,” which is considered a 




during center and recess times. Although both teachers believed in the benefit of free play, free 
play academic time looked different from class to class. 
During an interview, Regina shared, “students play to learn.” During observations, 
Regina’s classroom mathematics instruction occurred based on student-initiated encounters. 
Regina was seen walking around the room monitoring behavior but did not interact with the 
students unless the students invited her. There were two mathematics engaging activities 
observed during free play that incorporated mathematics, which arose from teachable moments. 
As Regina walked the classroom to monitor behavior, she stopped to engage with a group of 
three students in the Play-doh center. During this stop, there was a conversation about the shapes 
being stamped out. Regina asked the students to tell her the name of the shapes. Each time, the 
students pointed and said the correct name of the shape. In another Play-doh instance, Regina 
engaged with the student by sitting next to him and dialogued with him as he rolled imaginary 
worms. Again, the student invited Regina to see how he could roll his dough into big and small 
worms and wiggled them at her as if they were coming after her. However, Regina did not 
extend the student’s mathematics knowledge in that potential teachable moment. 
As an example of free play, a second teachable moment occurred when a student 
approached Regina to show he could count. The student brought over various instructional 
resources that were stacked to form towers. He showed Regina that he could take the building 
apart and share how many pieces he used to make each tower. During each of these moments, 
Regina followed up by asking the student to tell her which tower was the tallest or shortest. Then 
she asked if he could look and tell her how many of the connecting blocks were blue, yellow, 
green, and red. During an informal conversation, Regina expressed to the researcher that was the 




engagement. Following that engagement, the student was instructed to return to his selected 
center. These instances represented mathematics teaching during play and depicted teacher 
engagement as well as Regina’s growth in her practice during center play. 
A different example of free play was practiced by Catie, who disagreed with statement 23 
from the Mathematical Development Beliefs Survey (Platas, 2008) concerning young students’ 
engagement in free play without their teacher. Through observations, Catie was observed using a 
combination method of engaging with students during free play time, providing small group 
instruction, and floating around to visit students in centers as they engaged in free play. Catie 
believed, 
Children learn through play when they are playing and putting patterns together, stacking 
stuff with a purpose and counting. Some kids enjoy playing more and can learn that way 
and some kids just enjoy reading books instead of typical play, but she is learning the 
way she likes. In the domestic living station, kids start playing with the money. I go over 
there and play with them sometimes. And I said let’s build a house, so we got the bricks, 
built the house, then one student has to pay to live in the houses. Sometimes we talk 
about the patterns made with the bricks. Since the houses are important to them and they 
feel proud of their work, I let them keep the houses up for a little while. (Catie, personal 
communication, November 7, 2018) 
 
Just as Catie provided detailed responses to questions during the Preschool Mathematics 
Pedagogical Content Knowledge Interview (McCray, 2008), she elaborated in detail about free 
play as mathematics instruction. In addition to the examples Catie shared during the interview, 
there were documented instances of teaching through free play throughout Catie’s day. 
Teachable moments occurred randomly throughout the day, from arrival to the end of the day. 
Summary of Theme 4. Free play is a vital aspect of early childhood learning, as play 
allows young students to use naturally occurring experiences to develop mathematics concepts 
and skills (Clements & Sarama, 2005). Both teachers acknowledged the value and necessity of 




students to move around independently while selecting their activities and materials to work. It 
was during the spontaneous teachable moments that each teacher conversed with students about 
mathematics topics that the students presented to them. 
Engagement with students occurred more frequently in Catie’s classroom, which may 
have been based on the support Catie had in the form of the curriculum guide. Unfortunately, 
Regina was like many teachers who work with students from lower socioeconomic backgrounds 
and did not know when and how to interact with her students during free play to capitalize on the 
teachable moments and support mathematics more intentionally (Perry & Dockett, 2002; Perry et 
al., 2007). 
Summary of Results 
Four themes evolved from this study. Regina and Catie believe that mathematics is an 
appropriate academic subject in pre-K and can be taught using developmentally appropriate 
instructional strategies. Nevertheless, each teachers’ mathematics instruction varied based on 
three factors: access to resources, opportunities to leverage teachable moments, and use of play 
as a method of providing mathematics instruction. Upon exploring access to resources, it was 
discovered that the availability of a prescribed curriculum, commercial and teacher-made 
instructional materials, and the allocation of dedicated time for planning impacted the delivery of 
mathematics instruction greatly. Both teachers new about mathematics, but were most frequently 
observed and shared insight on their perceived knowledge and confidence in providing 
mathematics instruction related to the number sense development component of the number and 
operations NCTM’s (2006) strand. Even with a knowledge of number sense development, there 
was a misalignment between how the teachers taught mathematics. During observations, Regina 




mathematics instructional methods that were discussed during the interviews and observed 
during the observations were student-initiated teachable moments that arose during free play 
activity times. 
Findings: Research Question 1 Response 
What is the nature of non-licensed prekindergarten teachers’ mathematics 
instruction when working in childcare centers that serve lower socioeconomic 
communities? 
 Regina and Catie are non-licensed pre-K teachers who work in lower socioeconomic 
environments. When looking at the nature of pre-K mathematics instruction from their perceived 
perspectives, theme one implies the teachers strongly believe teaching mathematics is 
appropriate and should be taught to young students during their pre-K education. Access to 
curricular resources impacts the effectiveness of the mathematics instruction that teachers 
provide. Based on all data collected in this study, teachers are confident in their ability to teach 
about number sense development, and this strand of mathematics is most important for pre-K 
students to learn. Overall, young students learn mathematics through free play instructional 
opportunities. 
Pre-K students should learn mathematics with the support of their teachers. These non-
licensed pre-K teachers are confident about teaching mathematics relating to number sense 
development and that students can learn about mathematics through play. When resources are 
available, teachers are exposed to more opportunities for including mathematics strands beyond 
number with more frequency for instruction, which has potential for providing students with a 




Findings: Research Question 2 Response 
How does mathematics pedagogical content knowledge influence non-licensed 
prekindergarten teachers’ mathematics instruction when working in lower socioeconomic 
communities? 
Synthesizing both participants’ data, it is clear how these non-licensed teachers’ personal 
beliefs about mathematics in pre-K related to their mathematics instruction. Both teachers 
strongly agreed that mathematics is an appropriate and needed academic focus for young 
students. During each observation and every interview, the teachers provided evidence to support 
the development of this theme. Revisiting the Preschool MPCK framework (McCray, 2008), 
MPCK is at the intersection of teacher’s mathematics content knowledge, their teaching 
techniques, and their beliefs about how children learn (see Figure 1). For the non-licensed pre-K 
teachers of this study, using the lens of MPCK, one must conclude that their mathematics 
instruction was primarily about number sense development; using the teaching technique of 
independent student choice centers, the teachers believe that young students learn through play. 
The main influencers for each teacher’s practice were the teacher’s beliefs and her access to 
curricular resources, which manifested in very different ways of delivering mathematics 
instruction. Without mathematics curricular resources, non-licensed pre-K teachers' access to 
mathematics content and pedagogical approaches are very different, as was illuminated within 
this exploratory case study. 
Summary  






Theme 1 – Teacher beliefs; 
Theme 2 – Access to resources; 
Theme 3 – Pre-K mathematics is primarily number sense development; and 
Theme 4 – Mathematics instruction occurs in free play 
The findings for these two non-licensed Pre-K teachers, Regina and Catie, showcase how 
mathematics instruction was very different. Two key influencers accounted for much of the 
variance between the two teachers’ instructional practices: (a) their beliefs about mathematics in 
pre-K and (b) their access to instructional resources. Both teachers agreed that mathematics 
instruction is appropriate, needed, and should be taught using developmentally appropriate 
methods. However, Regina more strongly believed socioemotional development in the area of 
discipline was more important than teaching mathematics, while Catie believed socioemotional 
support and mathematics instruction should be taught together and at times one may require 
more focus than the other. In the area of resources, each teacher had access to different 
instructional materials. Catie worked in a pre-K center that provided her with a layer of academic 
support in the Passports curriculum guide that was not afforded to Regina. Catie’s understanding 
and usage of the curriculum guide augmented her selection of delivery of mathematics 
instruction. In Chapter V, a discussion is presented that relates to the implications based on the 








This study is a response to implications for research from the National Association for the 
Education of Young Children and the National Council of Teachers of Mathematics (2010) and 
the National Mathematics Advisory Panel (U.S. Department of Education, 2008) as it relates to 
non-licensed prekindergarten (pre-K) teachers’ mathematics pedagogical content knowledge 
(MPCK) and MPCK’s influence on teachers’ instruction. Using the lens of McCray’s 
mathematics pedagogical content knowledge framework, this study examined two non-licensed 
pre-K teachers’ MPCK and MPCK’s influence on the teachers’ mathematics instruction at 
childcare learning centers that primarily serve low-socioeconomic status (low-SES) 
communities. Chapter V begins with a discussion about the nature of Regina’s and Catie’s 
mathematics instruction. The following section provides a discussion on how components of 
MPCK influence their mathematics instruction. The third section provides limitations, 
implications, and recommendations for future research that presented in response to the 
following research questions: 
1. What is the nature of non-licensed prekindergarten teachers’ mathematics instruction 
when working in childcare centers that serve lower socioeconomic communities? 
2. How does mathematics pedagogical content knowledge influence non-licensed 
prekindergarten teachers’ mathematics instruction when working in low-
socioeconomic communities? 
Teachers’ prior experiences shape their beliefs. Beliefs influence the way teachers design 
and deliver mathematics instruction (Grossman, Schoenfeld, & Lee, 2005). Regina and Catie 




students are capable of learning mathematics, that young students should learn mathematics in 
pre-K, and that they as pre-K teachers are equipped and willing to teach mathematics. Regina 
and Catie had not received any formal teacher preparation, but their prior experiences helped to 
shape their beliefs, which influenced them to include mathematics instruction in their academic 
schedule. Additional to beliefs, access to resources, awareness of mathematic concepts, and 
mathematics instructional models influenced each teacher’s mathematics instruction. A 
discussion of these themes is presented next. 
Access 
Having access to instructional resources, especially a curriculum, influences the nature of 
non-licensed pre-K teachers’ mathematics instruction. With access to a curriculum guide, Catie 
strategically embedded mathematics throughout the day and within free-play learning 
opportunities. Access to instructional resources can ultimately impact the frequency and depth of 
the mathematics instruction a teacher can provide (Björklund & Alkhede, 2017; Brown, 2005). 
The Passports curriculum (HighReach Learning, 2007) allowed Catie to present mathematics 
instruction that combined explicit math concepts throughout other classroom activities and 
learning. The curriculum guide provided Catie with structure in designing and delivering her 
mathematics instruction (Baroody, Clements, & Sarama, 2019; Clements & Sarama, 2014; 
Moseley, 2005). Although instructional materials make a difference in each teacher’s delivery of 
instruction, not all teachers are afforded a copious supply of materials. 
Without many mathematics instructional resources, Regina’s beliefs on the importance of 
mathematics shaped her desire to teach the subject. Regina, like many pre-K teachers, made do 
with the resources she was afforded. Brown (2005) found that when teachers are given 




utilize mathematics resources more frequently. This combination of added access to resources 
and support systems can boost a teacher’s confidence in teaching mathematics and increase his 
or her mathematics affect. Having access and understanding of a curriculum was a key influencer 
for how Catie planned and delivered mathematics instruction. However, not having a curriculum 
did not cause Regina to avoid teaching mathematics. Although both teachers taught mathematics, 
it was evident that the number of varying resources enabled Catie to provide more frequent 
mathematics engagements. 
Number Sense 
The nature of non-licensed pre-K teachers’ mathematics instruction is also influenced by 
a teacher’s familiarity with the foundational mathematics concept of number sense. All pre-K 
teachers should possess a deep understanding of mathematics. The findings of a few studies 
indicate that there are no positive correlations between teachers’ content knowledge and 
mathematics instruction (Claessens & Garrett, 2014; Schwartz & Riedesel, 1994; Wilkins, 2008), 
while there are many more studies that suggest how teachers’ content knowledge frequently 
influence their selection of what content they teach and how that content is taught (Ginsburg et 
al., 2008; Grossman et al., 2005; Hachey, 2013; Hill et al., 2005; J. Lee, 2005, 2010; Ma, 1999; 
U.S. Department of Education, 2008; Youmans et al., 2018). Teachers with a “profound 
understanding of fundamental mathematics . . . do not invent connections between and among 
mathematics but reveal and present them in terms of mathematics teaching and learning” (Ma, 
1999, pp. 120, 122). 
This study did not aim to explore or collect any data that could document an actual 
teacher’s mathematics content knowledge level. However, this study did explore the frequency 




foundational mathematics concept of number sense. Based on the frequency of word and action 
patterns, it was found that Regina and Catie addressed elements of number sense most 
frequently. Regina and Catie had an awareness of many pre-K mathematics topics. However, like 
most pre-K teachers, they were both familiar with the mathematics strand of numbers and 
operation. They both agreed that number sense is the most valuable component of the number 
and operations strand young students should master during pre-K; this belief is consistent across 
many pre-K teachers (Charlesworth, 2005; Ginsburg et al., 2008; Linder et al., 2011; McClure et 
al., 2017; Taylor-Cox, 2016). This finding indicates that the more in-depth knowledge a teacher 
has for a content area, the more confident they may be in delivering instruction, the more 
positive affect they may have toward the subject, and the more achievement gains can typically 
be confirmed. 
Free Play  
The nature of mathematics instruction is also influenced by a teacher’s pedagogical 
knowledge. Both teachers used the instructional method of free play. Free play is a vital aspect of 
early childhood learning, as play allows young students to use naturally occurring experiences to 
develop mathematics knowledge (Clements & Sarama, 2005; Clements et al., 2004; Ginsburg et 
al., 2008; Kontos, 1999; Linder et al., 2011; Samuelsson & Carlsson, 2008; van Oers, 2010). 
When provided with adequate scaffolds, learning through play is a powerful strategy that 
promotes the development of higher-level thinking skills (de Haan et al., 2014; Ginsburg et al., 
2008; Samuelsson & Carlsson, 2008). There are many opportunities during free-play for young 
students across low-SES communities to acquire and experiment with mathematics 
(Charlesworth, 2005; NAEYC & NCTM, 2010). Regina and Catie noted that students learn best 




while selecting their own activities and materials with which to work. Learning throughout free-
play centers was a common instructional practice for Catie with the support of her curriculum 
guide. Unfortunately, Regina, like many teachers who work with students from low-SES 
backgrounds, did not know when and how to interact with her students during free play to teach 
and support mathematics learning (Perry & Dockett, 2002; Perry et al., 2007). Although there 
was a difference between the actions during center time between Regina and Catie, they both 
acknowledged the value and necessity of free play. 
There is a mathematics achievement gap (Chatterji, 2015) upon entering kindergarten 
between young students from low-SES communities and their peers of higher SES. Therefore, 
mathematics must be taught within pre-K. Beliefs is the overarching influencer that guided 
Regina and Catie to plan and deliver mathematics instruction. The teachers’ instruction was 
based on their belief that number sense was the primary mathematics topic to be taught in pre-K. 
The teachers’ beliefs also supported their use of teaching number sense through the instructional 
method of free play. These findings support that being a non-licensed pre-K teacher does not 
mean a teacher delivers less meaningful mathematics instruction. 
Influence of Mathematical Pedagogical Content Knowledge 
This dissertation’s guiding research questions were developed to explore the nature of 
non-licensed pre-K’s MPCK and if MPCK influences the teachers’ mathematics instruction. The 
findings from this research indicate that the participants’ beliefs and access to resources had 
more influence on their mathematics instruction that they delivered compared to their MPCK as 
a collective concept, which was gauged based on the results of the Preschool Mathematical 
Pedagogical Content Knowledge Interview (McCray, 2008). However, there are elements of the 




teacher’s mathematics instruction. The what and how components of the Preschool MPCK 
Framework (McCray, 2008) showcased how number sense was the most frequently taught 
through unintentional free play. This dissertation’s findings suggest that for the two pre-K 
teachers in this exploratory case study, their mathematics beliefs influenced how they planned 
and delivered mathematics instruction more than MPCK. 
Implications, Limitations, and Recommendations 
This dissertation introduces a new understanding of non-licensed pre-K teachers working 
in low-SES communities, which is not well documented in the current literature. These findings 
show that while MPCK had a limited influence on these pre-K teachers’ mathematics instruction, 
their beliefs were also influential to their practices. Based on understandings gained from this 
exploratory case study of Regina and Catie, additional exploration is needed that focuses on non-
licensed pre-K teachers working in low-SES communities, a greater depth of understanding of 
the mathematics they teach, their access to materials, and what pedagogies they employ for 
teaching mathematics in early learning environments. The following limitations, implications, 
and recommendations are presented as they may enhance the understandings about the nature of 
mathematics instruction that non-licensed pre-K teachers design and deliver when working in 
low-SES communities. 
Limitations 
Researcher bias is when an individual’s feelings, opinions, or preferences impact the 
study’s results (Creswell, 2019; Roulston & Shelton, 2015). As an early childhood educator for 
many years, the researcher’s opinions had a large impact on how she interrupted the data. The 
researcher’s desire to add her own perspective to the voices of the participants was problematic. 




The act of bracketing was used throughout the data analysis phase in recognizing, documenting, 
and acknowledging personal bias. 
The exploratory nature of the study is also a limitation. Exploratory research focuses on 
examining a topic that has not previously been studied in-depth. Due to the limited nature of 
prior research, there was no true structure for how to design or conduct this dissertation. 
Exploratory research is a very flexible and fluid qualitative methodology (Stevens, Loudon, 
Wrenn, & Cole, 2012). Additionally, the use of purposive sampling deepened the limitation of 
the design by limiting the possible number of participants. Due to attrition, the total number of 
teachers was reduced to two. The few number of participants limited the ability to generalize the 
findings across public pre-K centers that employed non-licensed pre-K teachers. The small 
number of participants also limited the surplus of data used to develop the themes. Although the 
researcher is confident in the results and findings within this dissertation, having more 
participants would have increased the credibility of this dissertation’s results and findings. 
The final limitation is that of observer bias. Observer bias occurs when the researcher’s 
biased perspectives influence observations within a setting (Roulston & Shelton, 2015). 
Throughout the observations, the researcher often found herself trying to justify and provide 
explanations as to why the participants engaged in specific actions. To combat observer bias, the 
researcher also engaged in bracketing. 
Implications 
This dissertation only studied two non-licensed pre-K teachers, but the study’s findings 
lend themselves to suggest actions for researchers, policy reformers, and center administrators. 
As non-licensed pre-K teachers, Regina and Catie are responsible for providing quality, 




communities. Despite the low SES level of the community, all students are held to the same 
kindergarten readiness standards. This study is important to the field of early childhood 
education as it showcases that non-licensed pre-K teachers do provide mathematics instruction. 
With the appropriate instructional supports, resources, and training, non-licensed pre-K teachers 
have the power and ability to deliver effective mathematics instruction to learners from lower 
socioeconomic communities. Additionally, this study is important as it allows the voices of non-
licensed pre-K teachers to tell their stories related to the mathematics instruction delivered within 
their classrooms. 
Recommendations for Further Research and Practice 
The first recommendation relates to extending the exploratory study by recruiting non-
licensed pre-K teachers across the nation to participate in a quantitative study that will evaluate 
the teachers’ MPCK for preschool mathematics. Based on the results, a random sample of 
participants should participate in an additional phase that seeks to measure the teachers’ MPCK 
from a qualitative perspective. Within the qualitative phase, teachers should be asked to 
complete tasks such as designing a pre-K mathematics lesson, executing the lesson, and 
debriefing the lesson with an instructional coach. Building on the first recommendation, 
researchers should recruit a large sample of non-licensed pre-K teachers who utilize a research-
based curriculum and another sample of non-licensed pre-K teachers who do not have access to a 
curriculum. Then, researchers should conduct a cross-comparative study that looks within and 
across the cases to explore the differences in mathematics instruction provided by each group of 
teachers and if the curriculum makes a difference in the quality of their mathematics instruction. 
This study could then later be extended, looking at the mathematics achievement of students. The 




teachers who utilize a research-based curriculum and another sample of licensed pre-K teachers 
who do not have access to a curriculum. 
Next is the recommendations for policymakers, community college coordinators, and 
childcare center owners and administrators. First, policymakers, along with state agencies, 
should invest funding that is specifically designated to provide mathematics professional 
development support to public pre-K programs that currently employ non-licensed pre-K 
teachers. In order to support pre-service pre-K teachers, early childhood education associate 
degree programs should develop preschool-specific mathematics methods courses that include a 
practicum experience. Students within the early childhood program would be required to 
complete the methods course and practicum before graduating. The final set of recommendations 
is specifically targeted at supporting current in-service, non-licensed pre-K teachers. 
To help the current population of in-service non-licensed pre-K teachers, childcare 
learning center owners and directors should begin seeking support from local and national 
agencies. There are many agencies, such as Child Care and Development Block Grants, Smart 
Start, and the U.S. Department of Health and Human Services, that provide center-wide support. 
These opportunities may spark the non-licensed teacher’s desire to earn a teaching certification 
or mathematics education endorsement. Owners and directors should also seek in-service 
mathematics professional development and on-site coaching as an immediate strategy to support 
their teachers’ current delivery of developmentally appropriate and research-based mathematics 
instruction. By providing opportunities for growth, non-licensed pre-K teachers have the 





Recent research indicates that young students who develop strong number sense often 
perform academically better in both literacy and mathematics (Clements & Sarama, 2014; C. T. 
Cross et al., 2009; Ginsburg et al., 2008). A strong mathematics foundation can develop in pre-K 
when students have multiple, meaningful opportunities to engage with skills aside from rote 
memorization (Ball & Bass, 2008; U.S. Department of Education, 2008). Although young 
students encounter mathematics routinely within their play, they must also encounter intentional 
instruction and guidance from knowledgeable teachers (Frye et al., 2013; Ginsburg et al., 2008; 
Leong, 2013), as knowledgeable teachers “are the key ingredient necessary to provide 
meaningful early childhood mathematics instruction” (Herron, 2010, p. 361). Pre-K teachers 
provide mathematics instruction that is essential to developing mathematics readiness in young 
students (Clements & Sarama, 2011; Ginsburg et al.; Youmans et al., 2018). Therefore, the 
researcher designed this study to explore non-licensed pre-K teachers’ mathematics MPCK and 
MPCK’s influence on the teachers’ mathematics instruction at childcare learning centers that 
primarily serve low-SES communities. 
Based on the findings of this study, non-licensed pre-K teachers do provide mathematics 
instruction. Throughout this dissertation, two non-licensed pre-K teachers provided insight into 
their day-to-day lives as they delivered mathematics instruction in low-SES communities. The 
participants provided mathematics instruction primarily based on influences unrelated to MPCK. 
These influencers included their personal beliefs about pre-K mathematics, their access to 
instructional resources, and administrative support. In relationship to MPCK, the teachers’ 




mathematics topic of number sense that was delivered through the instructional method of 
student free play. 
The conclusions gained from the findings demonstrate the importance of providing 
support for non-licensed pre-K teachers to enhance the instruction they are currently providing in 
their classrooms. This study did not evaluate the quality or developmental appropriateness of the 
instruction delivered. Therefore, the researcher hopes that this dissertation will contribute to the 
body of research that impacts the development of more non-licensed pre-K teachers who can 
intentionally provide mathematics instruction. Providing more strategic mathematics instruction 
may help reduce the developing mathematics readiness gap in current public education that 
plagues students from low-SES communities. Based on this dissertation’s findings, (a) 
policymakers should invest funding to support the professional development of non-licensed pre-
K teachers working in low-SES communities; (b) educational coordinators for early childhood 
teacher preparation programs should require that a preschool mathematics method course be 
added to their curriculum; and (c) center owners and directors should seek opportunities for 
professional development and mentoring opportunities that may be beneficial to improving the 
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☐ ☐ ☐ ☐ ☐ ☐ 1. Math is an important part of the preschool 
curriculum. 
☐ ☐ ☐ ☐ ☐ ☐ 2. It is better to wait until kindergarten for 
math activities. 
☐ ☐ ☐ ☐ ☐ ☐ 3. Mathematical activities are an 
inappropriate use of time for preschoolers; 
because they aren’t ready for them.  
☐ ☐ ☐ ☐ ☐ ☐ 4. Preschoolers are capable of learning math. 
☐ ☐ ☐ ☐ ☐ ☐ 5. I am knowledgeable enough to teach math 
in preschool. 
☐ ☐ ☐ ☐ ☐ ☐ 6. Math flashcards are appropriate for 
preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 7. Math activities are good opportunities to 
develop social skills in preschool. 
☐ ☐ ☐ ☐ ☐ ☐ 8. Preschoolers learn mathematics without 
support from teachers. 
☐ ☐ ☐ ☐ ☐ ☐ 9. Math activities are a very important part of 
the preschool experience. 
☐ ☐ ☐ ☐ ☐ ☐ 10. The teacher should play a central role in 
preschool mathematics activities. 
☐ ☐ ☐ ☐ ☐ ☐ 11. Teaching mathematics to preschoolers 
is/would be uncomfortable for me.  
☐ ☐ ☐ ☐ ☐ ☐ 12. Supporting development in academic 
subjects such as math is the primary goal 






















☐ ☐ ☐ ☐ ☐ ☐ 13. Preschoolers learn mathematics best 
through direct teaching of basic skills. 
☐ ☐ ☐ ☐ ☐ ☐ 14. I am unsure how to support math 
development for young children. 
☐ ☐ ☐ ☐ ☐ ☐ 15. Most preschoolers are ready for 
participation in math activities. 
☐ ☐ ☐ ☐ ☐ ☐ 16. Social and emotional development is the 
primary goal of preschool and time spent 
on math takes away from this goal. 
☐ ☐ ☐ ☐ ☐ ☐ 17. Math is/would be a difficult subject for me 
to teach in preschool. 
☐ ☐ ☐ ☐ ☐ ☐ 18. Teachers can help preschoolers learn 
mathematics. 
☐ ☐ ☐ ☐ ☐ ☐ 19. In preschool, children should learn specific 
procedures for solving math problems (i.e., 
2 + 4). 
☐ ☐ ☐ ☐ ☐ ☐ 20. Preschool math will weaken preschoolers’ 
self-confidence. 
☐ ☐ ☐ ☐ ☐ ☐ 21. I can think of many math activities that 
would be appropriate for preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 22. Children are ready for math activities in 
preschool. 
☐ ☐ ☐ ☐ ☐ ☐ 23. In preschool, children construct their 
mathematical knowledge without the help 
of a teacher. 























☐ ☐ ☐ ☐ ☐ ☐ 25. Teachers should help preschool children 
memorize number facts (for instance, 2+3). 
☐ ☐ ☐ ☐ ☐ ☐ 26. Preschool children are not socially or 
emotionally ready for math activities. 
☐ ☐ ☐ ☐ ☐ ☐ 27. Math would be easy for me to incorporate 
into preschool curricula. 
☐ ☐ ☐ ☐ ☐ ☐ 28. If a preschool teacher spends time in math 
activities in the classroom, social and 
emotional development will be neglected. 
☐ ☐ ☐ ☐ ☐ ☐ 29. Math is confusing to preschoolers.  
☐ ☐ ☐ ☐ ☐ ☐ 30. I can create effective math activities for 
preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 31. Academic subjects such as mathematics are 
too advanced for preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 32. Preschool teachers are responsible for 
making sure that preschoolers can learn the 
right answer in mathematics. 
☐ ☐ ☐ ☐ ☐ ☐ 33. Math worksheets are appropriate for 
preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 34. I don’t know how to teach math to 
preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 35. Mathematical activities are age-appropriate 
for preschoolers. 
☐ ☐ ☐ ☐ ☐ ☐ 36. Teachers should show preschoolers the 
correct way of doing mathematics. 























☐ ☐ ☐ ☐ ☐ ☐ 38. Before kindergarten, preschool teachers 
should make sure preschoolers memorize 
verbal counting numbers. 
☐ ☐ ☐ ☐ ☐ ☐ 39. Math is a worthwhile and necessary subject 
for preschoolers.  
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The study aims to explore early childhood teachers understanding of the components of 
mathematics pedagogical content knowledge and mathematics pedagogical content knowledge 
level. If you decide to participate, then you will join a study involving research of early 
childhood mathematics. If you say YES, then your participation will include: three interview 
sessions and three classroom observations. 
 
EXCLUSIONARY CRITERIA 
You should be a lead pre-Kindergarten teacher at a learning center who works with students 
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including benefits, risks, costs, and any experimental procedures. I have described the rights and 
protections afforded to human subjects and have done nothing to pressure, coerce, or falsely 
entice this subject into participating. I am aware of my obligations under state and federal laws, 
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Opening Script: Good (morning, afternoon, evening) _________, my name is Raleta Summers 
Dawkins and I would like to thank you for agreeing to participate in this interview relating to 
teachers’ perspectives and beliefs towards their mathematic teaching in pre-K. This interview 
should take about 30 minutes. I am very appreciative of your time. Before we get started, please 
take a moment to review the consent form we discussed during our initial meeting. Do you have 
any questions about the consent form, or the purpose of this study? Please be assured that the 
confidentiality of your identity and the responses that you provide will be kept strictly 
confidential. If at any time during the interview you choose to opt out, I will respect your 
prerogative to do so. May I record this interview? Do you have any questions for me before we 
begin this interview? 
 
Major question 1 (first interview): How do pre-K teachers describe the personal life experiences 
that have impacted your mathematical teaching beliefs and instructional decisions? 
Supportive probes if necessary. 
1. What experiences guided your career choice? 
2. What do you remember about your school experiences, former teachers that shaped your 
understanding of and your affect for mathematics? 
3. What do you remember about experiences that made you feel in such a way? 
a. Would you share some specific examples? 
4. Think for moment, how would you describe the impact pre-K has on students? 
5. How would you describe your philosophy of education? 
6. Based on your philosophy, how would you describe your pedagogical practices? 
7. Can you share how you craft your lesson plans? 
a. Do you use a specific curriculum? 
b. What is that? 
c. Do you use state or national standards? 
8. Tell me your thoughts on early childhood mathematics. 
9. Would you describe your most recent experience with mathematics in your classroom? 
10. How has that above experience impacted your facilitation of mathematics instruction? 
11. Would you share some examples of mathematics experiences you have observed where 
your students were engaged in mathematics? 
12. Thinking about your knowledge of mathematics, please share content knowledge you are 
comfortable with teaching? 
a. What shaped this? 
b. Could you be more specific or share more details? 
13. From your experiences, what do you think is appropriate mathematics for pre- students? 
14. Using five words or less, how would you describe your feelings about mathematics? 
We are nearly at the end of our interview. I have just a few final questions. 




2. Is there anything that I did not ask you that you think may be important> 
3. Is there anything else you would like to add, share, or questions you ever wanted to ask 
about pre-K mathematics? 
 
Thank you kindly for spending part of your afternoon with me. I truly enjoyed hearing about 
your experiences with mathematics. 
 
Major Question 2 (Second Interview): In today’s interview, we will talk about your 
knowledge of mathematics pedagogical content knowledge, and how yours has evolved 
since entering the classroom. 
Probes to consider if necessary: 
1. Do you know what mathematics pedagogical content knowledge is? 
a. What makes it up? 
b. How it develops? 
2. What domains, strands, and processes of mathematics are taught in your classroom? 
a. What type of math is taught in your classroom? 
3. Tell me about how students learn mathematics. 
4. What do you think your role is in helping them learn these skills or concepts? 
5. Would you share experiences where you have facilitated learning of mathematics 
domains, processes, and strands in your class? 
6. Have you taken any courses or gone through professional development that focused on 
mathematics for early teachers or mathematics in early childhood environments? 
a. If yes: Please tell me about those experiences/ 
b. If no: did you take any math methods courses in your degree program that 
focused on early childhood mathematics, how to teach, assess, extend or integrate 
math with other subjects for young students? 
7. Can you tell me what you know about CCSSM? 
a. How has CCSSM impacted your mathematics instructional decisions? 
8. What grades, if any, have you taught aside from pre-K? 
9. What are your thoughts and beliefs about young students; capability in understanding and 
mastering math concepts? 
10. Does your center use a specific math curriculum? 
a. If yes: what curriculum? 
b. If no: What guides what types of math you teach? 
11. What are the three most important math concepts young students should master by the 
end of preschool to be successful in kindergarten? 
12. Please share your examples 
13. What are some approaches you take to facilitate math development in young students? 
14. Do you incorporate mathematics into the children’s daily routine? How so? 
15. Do you use learning centers? 
16. What learning centers are available during free play to your students? 











Is this observed during the 1st 
observation? 
   
   
   
   
   
   
   
 
18. Describe your rationale or what guides your decision to embed math-focused activities 
into your centers? 
19. Can you share other instructional methods, strategies, or activities that you used to 
integrate mathematics into other content areas such as language arts, science, social 
studies, art, music, and movement? 
 
We are nearly at the end of our interview. I have just a few final questions. 
 
1. Where there any aspects of our conversation that surprised you today? 
2. Is there anything that I did not ask you that you think may be important> 
3. Is there anything else you would like to add, share, or questions you ever wanted to ask 
about pre-K mathematics? 
 
Thank you kindly for spending part of your afternoon with me. I truly enjoyed hearing about 











1. How many years have you been an early childhood teacher? _____ 
2. Current work setting (please check all that apply): 
3. _____ Private preschool  _____ Public preschool   
Housed in a: 
_____ religious facility _____ commercial facility _____ home facility 
4. What is your race/ethnicity? ___________________________________ 
5. What is your gender? _____ Female or _____ Male 
6. What is your age? _____ 
7. What is your yearly household income?  
_____ Below $21,000    _____ $21,001 - $35,000    _____ Above $ $35,001 
8. Highest degree attained? _____ Associates Degree  _____Bachelors   _____ 
Masters  _____ Advanced certificate/degree _____ Doctorate _____ Other 
(please list): _______________ 
9. Have you received prior early childhood mathematical professional development, teacher 
preparation, other training? _____ Yes or _____ No 
 
10. Please list the early childhood mathematical professional development, teacher 














August 2018 Prepare IRB application 
Proposal approved by dissertation committee 
Revise IRB application based on DC recommendations 
Submit and receive IRB approval 
August/September 
2018 
Reconfirm permission still granted for research to take place at targeted 
pre-K facilities 
Schedule meetings with potential participants 
Describe the study and expectations verbally and in writing to interested 
participants 
● Have participants complete consent forms 
● Describe study, expectations, and answer questions for 
● Center directors and interested teachers 
● Leave copies of signed consent forms for center directors and 
teachers 
● Collect teacher information forms 
● Schedule site visits for classroom observations, post-pre 







3 classroom instructional observations per teacher 
● Observations: 3 – 4 hours each visit 
 
3 weeks of mathematics instructional lesson plans to review following 
each observation 
 
2 Post-Pre-Interviews per teacher 
● 30 – 45 minutes each 
 
Collection and review of any available mathematics curriculum  
November 2018 Collect the Mathematical Development Beliefs Survey from participants 
December 2018 Administration of the Preschool Mathematics Pedagogical Content 
Knowledge Interview 
 
September 2018 – 
February 2019 
Repeat multiple 




Member checking at follow-up interviews with teachers 
 
 








● Create field notes based on analysis 
● Draw preliminary conclusions based on data and reflections 
● Make data collection adjustments based on preliminary findings 
● Listen to teachers’ audio taped interviews and selectively 
transcribe 
● Create field notes based on audio and transcriptions 
● Draw preliminary conclusions based upon data, theory, and 
● Reflections 
● Make data collection adjustments based on preliminary findings 
 
Data Analysis 
● Listen to interview audio tapes, transcribe, and code using the 
conceptual framework 
● Review and code surveys using the conceptual framework 
● Create field notes based on audio and transcriptions 
● Draw preliminary conclusions based upon data, theory, 




● Schedule additional data collection cycles as needed to fill data 
collection/analysis gaps 
 
January 2019 Preliminary Write Up 
Begin preliminary write up of findings 
 
August 2019 Final Draft Write Up 
● Continue preliminary write up of findings 
● Begin final report write up of findings using dissertation format 
● Review earlier chapters of report and adjust as needed 
 
April 2019 Final Data Analysis 
● Review findings and warrants 
● Critically reflect on the strength of claims and warrants 







September 2019 Final Write Up 







● Revise per feedback and resubmit as needed 
● Schedule Dissertation Defense 
 
November 2019 Dissertation Defense 
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